VOLUME I NUMBER 1 


‘THE JOURNAL 


OF 
THE ROYAL ASTRONOMICAL SOCIETY 
OF CANADA 


DEVOTED TO THE ADVANCEMENT OF ASTRONOMY AND ALLIED SCIENCES 


EDITOR 


Cc. A. CHANT 
Oniversity of Toronto, Toronto 


ASSOCIATE EDITORS 


W. F. KING R. F. STUPART 
Chief Astronomer Director of the Meteorological 
Ottawa Service of Canada, Toronto 


J. S. PLASKETT 
Dominion Observatory 
Ottawa 


PUBLISHED BI-MONTHLY 


JANUARY-FEBRUARY, 1907 


TORONTO 
198 COLLEGE ST. 
PRINTED FOR THE SOTIETY 


AS: So, 
Ce 
\ \ 
| | 
vag 


by 


J 


=< JOIN THE VICTORIOUS ARMY 
YOURSELF THIS SEASON % 
It’s the 


4 
U¢ 


aff 
AE 


: A $3.50 Shoe f 
$35. oe for 
Gentlemen 
5 / 2 
& (= > HE VICTOR SHOE was planned to demonstrate that The ) 
oe (7 “J Robert Simpson Company was able through the magnitude of % 
5 \Z > its business to control the entire manutacture and sale of a 
% VY NY first-class boot for gentlemen, and in so doing bring the price down % 
iy. WY) \Z to a popular basis. That we have suceeeded is no longer in doubt. % 
RY 4 YZ The Victor Shoe is worn by an ever increasing army of Cana- 
dian gentlemen every year. % 
g 

¢ best shod army in the world. % 

kK The Victor Shoe comes in all the fashionable leathers and lasts. % 

% 
| 


Sold only in this store. Write or phone tor a pair to-day and you'll have them by express 
or delivery to-morrow. 0 


SIMPSON 


TORONTO, - ONT. 


WOW OW 


moma 


BOURINOT’S (SIR J. G.) 
a Canadian Manual of Procedure at meetings of Mnnicipal Councils, share- 7 
: holders and directors of companies, synods, conventions, societies and public g 
bodies generally, with an introductory review of the rulesand usages of Parlia- q 
by ment that govern public assemblies in Canada. By Sir J. G. Bourinot, «] 
C.M.G., LL.D., D.C.L., Clerk of the House of Commons, etc. 1904. A) 
S Price: $3; half-calf, $3.75. The Citizens’ Edition omits only the portions , 
Re relating to Municipal Councils and Church Synods, 50c.; cloth, $1, 2 
J 


% Send for Card giving prices for Periodicals. 
b: Keep your Journals in nice book form. 


0 
THE CARSWELL CO., Limited 
BOOKSELLERS, PRINTERS, BINDERS 
TORONTO, ONT. 


| 
3 
A 


oo 


Kw) 
q 
q 
“ 4 


Lighting a Home 


The charm of an artistic home de- 
pends—to a larger extent than most 
people realize—upon the arrangement 
of its lighting facilities. 

Electric Lights—really artistic fix- 
tures—will do much to render a beauti- 
ful interior even more beautiful. 

While, vice versa, poor lighting 
arrangements will mar the beauty of 
the most magnificent home. 

It’s a subject worthy of serious con- 
sideration—and we wish you would let 
us help you. Our wide variety of 
choice fixtures will be found of great { 
assistance in making an appropriate 
selection. 


Toronto Electric Light Co., Limited 


12 ADELAIDE STREET EAST, TORONTO. } 


Is not complete 
HE LIBRARY tcc? pictonary, 


Atlas and Gazetteer. 


WE CARRY THE BEST 


Webster’s International, 1907 edition, substantially bound in full law sheep, indexed, 
$11.5 


The Standard Dictionary of the English Language (Funk & Wagnalls) Tven- 
tieth Century Edition, bound in full law sheep, indexed ........ $11.50 

Concise Imperial Dictionary, half morocco $1.80 

Cassell’s French-English and English-French Dictionary, cloth.......... .85 

Cassell’s German-English and English-German Dictionary, cloth........ 85 : 

The World Wide Atlas of Modern Geography, Political and Physical, 128 plates and 

‘ The International Students’ Atlas of Modern Geography, 105 plates, indexed .§2.00 
Lippincott’s New Gazetteer, 2,000 pages, bound In full law sheep. ... .......... $9.00 
Chambers’ Concise Gazetteer of the World, Revised Edition, published 7 - 

CARRIAGE EXTRA 
29-33 Richmond St. West, - TORONTO 


OLDS IIIS 


ANA 


baile 
| 


THE JOURNAL 
OF THE 
ROYAL ASTRONOMICAL SOCIETY 
OF CANADA 


PUBLISHED BI-MONTHLY 


THE TRANSACTIONS OF THE SOCIETY, INCLUDING THOSE FOR 1905, WILL APPEAR 
IN THE Jounal 


Von. I. JANUARY-FEBRUARY, 1907 No. 1. 
Progress in Astronomy and Astrophysics in - - - 4A. Chant 2 
List of papers and lectures, 1906 - - - - - - - - - 20 
Treasurer’s Report - - - - - - - - George Ridout 21 
Astronomy as a Science - - . - - - - WW. FF. King 22 
Magnetic disturbance and the Aurora’ - - - - - RF. Stupait 38 
A remarkable Aurora on Aug. 7, 1906 - - - . - J. McEachren 42 
A magnetic disturbance synchronous with the aurora — - - R.F. Stupart 43 
A case of globular lightning - - - - 44 
The Spectrum of J/ira Ceti - - - - - - - J. S. Plaskett 45 
The Ottawa Section of the R.A.S.C. - - ° - 60 
The Society’s meetings at Toronto - - . . . . . - 64 
The Astronomical and Astrophysical Society of America - - - - 67 
Notes from the Dominion Observatory - - - - . - - 69 
Brief Astronomical Reviews - - - ; 
Summary of Weather, December and January - - - - - - 


Editorial communications should be addressed to C. A. Chant, University of 


Toronto, Toronto, Ont. 


Business correspondence, remittances, etc., should be addressed to George 


Ridout, Treasurer of the Society, Nordheimer Building, Toronto, 


$2.00 per annum. Single numbers, 35 cents. 


Subscription to the Jowrna/ and the Society’s Annual //andbook is included in 
membership fee. 


=. 
5 
4 
ied 
an 
> 
4 
eg 
> 


THE ROYAL ASTRONOMICAL SOCIETY 
OF CANADA. 


OFFICERS FOR 1907 
Flonorary President—W. F. Kino, B.A., LL.D., Chief 
Astronomer, Ottawa 
President—C. A. CHANT, M.A., PH.D. 
rst Vice-President—W . BALFOUR 
2nd Vice-President—Lovuis B. STEWART, D.T.S. 
Secretary—J. R. COLLINS, 198 College St., Toronto 
casurer—GEORGE Ripout, 77 York St., Toronto 
Recorder—Miss A. DENT 
Librarian—A. SINCLAIR, M.A. 
Curator—ROBERT S. DUNCAN 


Council—The above Officers and the following members : 

JosePH Popr, C.M.G., F.R.S.C., Ottawa 

A. F. MILLER, Toronto 
Rev. D. B. MARSH, F.R.A.S., Springville 

ALFRED T. DeLurRy, M.A. 
L. H. GRAHAM, M.A. 
AND 
ast Presidents—ANDREW ELVINS, JOHN A. PATERSON, K.C., 
M.A., and R. F. Srupart, F.R.S.C. 


Meetings fortnightly at 198 College St., Toronto 


OTTAWA SECTION, OFFICERS FOR 1907 


President—Dr. W. F. Kine, Chief Astronomer 
Vice- President—Ortro Kiorz, LL.D., F.R.A.S. 
Secretary—J. S$. PLASKETT, B.A., Dominion Observatory 
Treasuier—R. M. STEWART, M.A. 


Council—JosEPH Pork, C.M.G., A. H. McDouGALt, M.A., and 
F. A. McDrIArmip, B.A. 


Meetings fortnightly at the Dominion Astronomical 
Observatory 


/ 


APPLICATION FOR STOCK 


THE MINNEHAHA MINING & SMELTING Co. 
Licensed under the Mining Act of the Province of Ontario 
CAPITAL STOCK, $2,000,000——CONSISTING OF 2,000,000 SHARES 
FULL PAID AND NON-ASSESSABLE PAR VALUE, $1.00 EACH 


I hereby subscribe for 
shares of the capital stock of the MINNEHAHA MINING § & S SMELTING COMPANY, 
at the price of per share; if the payments on this sub- 
scription are not made as agreed, the Company reserves the right to cancel the subscription, 
and issue stock for the amount that has been paid, at the price above stated. 


Name 
City__ 
State 


Occupation 


This company is not responsible for statements of agents, except such as are con- 
tained in the company’s literature or official communications, No certificate issued for Jess 
than 100 shares. 


Agent 


e 
: 
> 
e 
e 
e 
a 
e 
e 
e 


J ¢ 
_ | 
fy 
e 
adie 
7 
4 
: : 
e 
= 
= 
4 
=! 


Louis FECHTER, President. DANIEL TAYLOR, sst Vice-President, 
AARON FyBusH, 2d Vice-President. F. C. Dimick, Secretary, 
Buftalo, A. B. ELLiorr, 7reasurer. N.Y 


A. W. SPARLING, (Canadian Rep.), Toronto, Ont., Can. 


THE MINNEHAHA MINING & SMELTING Co. 
TORONTO OFFICE: 87 WOOD ST. 


CAPITAL, $2,000,000.00. TREASURY STOCK, $1,000,000.00. 
NO PERSONAL LIABILITY. FULLY PAID UP AND NON-ASSESSABLE. 


A Limited Number of Shares are now offered in the above Company at 
50 cents, par value, $1.00. 


The Property of the Company is located on Minnehaha and White Water Lakes, in 
the Rainy River District, New Ontario, in what is known as the New Klondike and Manitou 
Belt, and consists of Locations S.V. 434 and S.V. 435, containing 67 Acres of Mineralized 
Land. The Property is about 12 miles from Wabigoon, on the C.P.R., and is easily acces- 
sable, being reached by steamers that stop at the Company’s Landing. We have an abun- 
dant supply of fresh water and wood for fuel, mills, etc. Title indisputable. Crown Patent. 
The Climatic Condition is such as to render it practical to operate the property at all times 
of the year, 

CHARACTER OF VEINS. 

The Main Vein, which runs diagonally (4,000 feet), across the Entire Property, is 
about 7 feet in width, and consists of Gold-Bearing Quartz and Porphyry. As depth is 
attained the vein widens, and opens to a greater volume and richer deposits, There are 
numerous Stringers of Quartz with this formation which are very Heavily Mineralized. 

Our Property is in the Immediate Vicinity of the World-Renowned Laurentian Mine, 
in which $100 invested two years ago is estimated to be worth as many thousands 

Work on our Property has been done at eight different places, and each have shown 
remarkable richness. The Main Shaft, 6 feet by 8 feet, has been sunk to the depth of 100 
feet, and averages $398.83 in Gold per ton for every foot attained. A Second Shaft, or Test 
Pit, has been sunk 800 feet east of the Main Shaft No. 1, and on the Main Vein. Samples 
from this, showing no visible gold, assayed $772.20 in Gold and $2.72 in Silver to the ton of 
2,000 Ibs. assays made, at the Provincial Assay Office, Belleville, Ont., Can. Assays com- 
pleted by Dr. J. S. Island, 399 Parliament Street, Toronto, of samples of ore, from the 87 
feet level to the 100 feet level, the bottom of the shaft, ‘* assayed for Gold only ” are as fol- 
lows: Ore No. 1, $6,091.21; Ore No. 2, $4,120,12; Ore No. 3, $527.00 to the ton of 
2,000 Ibs. Quoting him, he states, four check assay’s were made of the above samples, and 
the results, as shown above, are therefore absolutely correct. Dated, Toronto, Feby. 13th, 
190 

With this showing it is very reasonable to average the ore at $200 per ton, just one 
fourth the above average. Then without doing any more sinking, but confining our efforts 
to the taking out of the ore in sight, note the results :— 


Length of vein - - - - - 4,000 ft. 
Width of vein - - - - - - 6 ft. 
Depth of shaft - . - - - 100 ft. 
Giving total ore in sight - - - - 2,400,000 cu. ft. 


Allowing 12 cu, ft. of ore to the ton, 200,000 tons, on a basis of $100.00 to the ton, 
one half the above average, the value of ore in sight is $20,000,000,00 


Cost OF -FROSUCTICN. 


Mill and machinery installed ready for use - $100,000.00 
Cost of milling 200,000 tons, maximum - 800,000.00 
Allowing for unforeseen expenditures - 100,060.00 

Total - - - -  $1,000,000.00 


3alance left for dividends, $19,000,000,.00. 

This equals a 950% Dividend on entire capitalization, 

There are but a Limited Number of these shares For Sale, and any Wishing to 
Obtain Them should apply Without Delay. Send in Application accompanied by 
Bank Draft, Money Order or Express Order, made payable to the order of A. W. 
SPARLING, Toronto, from whom all particulars can be obtained. Every Assay can be 
verified. The 7oroxto Glode, in part says, the Company have a Gilt-Edge Proposition, 


=| 
4 
é 


University of Coronto 


INSTRUCTION given in the University Facul- 
ties of Arts (degrees of B.A., M.A. and Ph.D.), 
Medicine (M.B. and M.D.), Applied Science 
(B.A.Se., C.E., M.E., E.E.), and in the Col- 
leges and Schools of Dentistry, Pharmacy, Agri- 
culture, Music, Household Science and Veterin- 
ary Science. 


Fully equipped Library and Science La- 
boratories, Gymnasium and Recreation grounds 
for Physical Culture. 


Thorough course of preparation in all 
branches for professional or business career. 


For calendar and all information apply to JAMES BREBNER, B.A.,, 
Registrar. 


University College 


UNIVERSITY COLLEGE is, since the Federa- 
tion Act of 1887, the complement, in the system 
of higher education provided by the State, of the 
University of Toronto. 


The State furnishes through University 
College instruction in those departments of the 
Arts Course in which it does not furnish in- 
struction through the University. 


These departments are Greek, Latin, An- 
cient History, English, French, German, Orien- 
tal Languages and Ethics. 


W. WALLACE, Ph. D., Registrar. 


a 

> 
: 


‘AMOLVAMNHSHO NOININOG HHL LV ‘LLAMSV'ld Ad GHHdVAVOLOHd 


(VMIW) AO WON 


sid 
z 
— 929% 
3 
“4 
= 
— 


THE JOURNAL 


OF THE 
ROYAL ASTRONOMICAL SOCIETY 
OF CANADA. 


Vou. L JANUARY-FEBRUARY, 1907. No. 1. 


INTRODUCTION. 


HE object of the Royal Astronomical Society of Canada is 

to extend and popularise the study of Astronomy, Astro- 

physics and related branches of science. It hopes to be a bond 

uniting workers in this field of knowledge in all parts of the 
land, whether professionals or amateurs. 

Heretofore the Society has issued yearly volumes of 7rams- 
actions, but it has long been felt that publication at shorter in- 
tervals would be much more advantageous. The astronomical 
worker is encouraged by seeing the results of his labor published 
with reasonable promptness, and in addition great interest and 
mental stimulus come from the /ime/y announcement of dis- 
coveries such as are continually being made in Astronomy. The 
JOURNAL is begun as a bi-monthly, but it is hoped soon to have 
it appear every month. 

There are few technical articles on astronomy, which, if 
clearly written, have not a real value to the amateur, while the 
work of the latter is always of interest to his professional 
brother. There will be room for both in the pages of the 
JouRNAL. If all unite, the result will be highly creditable to 
Canadian science. 
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PROGRESS IN ASTRONOMY AND ASTROPHYSICS 
DURING 1906. 


By C. A. CHANT. 
(PRESIDENT’S ADDRESS, ANNUAL MEETING, JANUARY 8, 1907.) 


O striking discovery or outstanding achievement charac- 
terises the year just closed, but in every department of 
Astronomy great advances have been made, and a brief account 
of some of these will be given, arranged under suitable headings. 


THE SUN. 


The Sun 1s a subject of study for two chief reasons, first, 
because it is a typical star, and second, on account of its relation 
to terrestrial phenomena. As a star, comparatively so near that 
we can study it in detail, we hope to obtain an insight into the 
process of stellar evolution ; as the ruler of our system we hope 
to determine its cycles and correlate them with our seasons, 
weather and other terrestrial variations,—ultimately to reach 
results of the highest practical importance to the dwellers on the 
earth. 

The most pretentious equipment for such study, is that at 
the Carnegie Solar Observatory on Mount Wilson in California, 
and its director, Prof. G. E. Hale has now under way a compre- 
hensive programme of work. It consists in (1) direct photogra- 
_phy, (2) spectroheliograph researches, (3) spectroscopic investi- 
gations (4) studies of total solar radiation, and (5) allied labora- 
tory investigations. The chief instrument is the Snow horizon- 
tal telescope which includes a 30-inch ccelostat mirror, a 24-inch 
plane mirror and a 24-inch concave mirror of focal length 60 
feet. It has been found that it can best be used an hour after 
sunrise or the same time before sunset, a high sun and a windless 
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day changing in a very decided manner the figures of the 
mirrors. 


There have been several valuable publications from this ob- 
servatory, some of the most recent dealing with the spectra of 
sun-spots. Mr. Adams confirms the conclusion published by 
Lockyer in 1904, that the spectra of sun-spots and of Arcturus 
are similar. From this evidence the deduction is made, that the 
physical conditions prevailing in the atmosphere of Arcturus are 
nearly identical with those existing in sun-spot vapors. If we 
consider the spots cooler than the general solar photosphere, 
Arcturus and similar stars would be placed on a lower tempera- 
ture level than the sun. Messrs. Hale and Adams state, that 
many of the spectral lines are changed in the spots, those of 
titanium showing greatest mean change of density, while the 
silicon lines are much weakened. 


During the year, numerous results obtained at the Eclipse of 
August 30, 1905, have been published. The Hamburg Observa- 
tory has issued an account of valuable work. The station 
chosen was in Algeria and the weather conditions were perfect. 
Excellent photographs of the inner corona were obtained with a 
camera of focal length 20 metres, an especially interesting feature 
being the recording of three or four oval, ring-formed, cloud- 
like caps, which lay at a distance of 4’ to 6’ above the large 
prominence on the eastern limb, being evidently closely con- 
nected with its eruptive nature. These rings were also photo- 
graphed at Sfax by the Astronomer Royal. Such phenomena 
were never before photographed, though Lockyer reports having 
seen something similar in 1870. No trace of an intra-Mercurial 
planet could be found. The shadow-bands were clearly seen, 
being about 50 cms. long and 4 to 5 cms. broad. 


A Russian party, in charge of Professor Hansky of the Pul- 
kowa Observatory, occupied a position on the Mediterranean 
coast near Valencia. They found the coronal light strongly 
polarised, the bands in the polariscope being much stronger 
when tangential to the Sun’s limb than when radial. There 
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seemed to be a rotation of the plane of polarisation of about 2%°, 
which may possibly be ascribed to a magnetic field about the 
Sun. Another conclusion reached, was that the corona varies in 
form, brightness and spectrum, with the sun-spot period. The 
shadow bands were not very well defined. They were of a 
brownish color and moved with a velocity of 2 to 3 metres a 
second, the motion however being apparently oscillatory and not 
translatory. According to other observations in the neighbor- 
hood the bands were from 5 to 7 cms. wide and 10 to 15 cms. 
apart and displaced from north-west to south-east. At Soria in 
Spain the observations of the bands were as follows: breadth of 
bands, 2 cms.; from one to another, 6 cms.; velocity 30 metres 
per minute. These numbers are given by Dr. M. Rosa de Luna 
of Madrid. It would appear that we have still much to learn of 
this extraordinary phenomenon. 

At Catania, in Sicily, observations of prominences were 
made during the entire day on which the eclipse occurred. At 
this observatory it was noted that the maximum effect of solar 
radiation, corresponded to the minimum potential of atmospheric 
electricity. 

The new Observatory of the Ebro, (under the control of the 
Jesuit Order,) is located near Tortosa, which was within the 
zone of totality. The principal work of this institution is the 
study of the relations existing between solar activity and terres- 
trial phenomena, its equipment for this object being admirable. 
In a handsome publication, edited by Father R. Cirera, are given 
some excellent photographs of the corona and protuberances, 
and also the magnetic records during the day of the eclipse, as 
well as those just before and after. Decided deviations from the 
normal curves are shown in the three elements. 

During the Christmas week, I attended the meeting of the 
Astronomical and Astrophysical Society of America, held in New 
York, and one of the papers presented was an interesting account 
of the spectrum of the ‘‘ flash’’ taken by Dr. S. A. Mitchell, of 
Columbia University, who was a member of the U.S. Naval Ob- 
servatory party in central Spain. Dr. Mitchell has not com- 
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pleted his measurement of the lines of the spectrum, but his 
work is sufficiently advanced to show that his negatives are ex- 
ceptionally perfect ones, and that the ‘‘ flash’’ spectrum corres- 
ponds exactly to the normal solar spectrum. The view expressed 
at the meeting was, that this work would practically exhaust the 
subject. Dr. Mitchell is a Canadian and a graduate of Queen’s 
University. 

The next total eclipse of the sun will occur on Jan. 14, 
1907, the path of totality being across central Asia. It will be 
best seen at Andishan, north-east of Samarkand, where lived the 
celebrated Ulugh Beigh, who catalogued the stars at the middle 
of the fifteenth century. It is on a railway 170 miles south-east 
of Tashkent where there is an observatory, from which has been 
issued a map of Turkestan, showing the path of the moon’s 
shadow. The prospects for a clear sky are not very good, but 
three expeditions—from Pulkowa, Hamburg and the Bureau des 
Longitudes—are going to observe it. The duration of totality is 
but two minutes, and I hope the sky will be clearer than it was 
when the Canadian expedition visited North West River, Labra- 
dor. 

The next following total eclipse will be on Jan. 3, 1908, but 
unfortunately its path will be chiefly across the waters of the 
South Pacific Ocean. Two of the most accessible stations are, 
Hull I. and Flint I, now the properties of the Lever Co. of 
Port Sunlight, England. 

Janssen and Lockyer found a method for observing the solar 
prominences without waiting for an eclipse, and many efforts 
have been made to photograph the corona in ordinary daylight, 
but without success. - Messrs. Millochau and Stefanik, of the 
Meudon Observatory, however, propose to study the spectrum 
of the corona from the summit of Mt. Blanc. Their experi- 
ments have demonstrated the feasibility of observing the dis- 
tinctive coronal line in the green (A 5303) when the atmos- 
phere is sufficiently pure and suitable, screens are employed. 

Professor Hansky of the Pulkowa Observatory has made 
some observations on the granulations of the solar surface. It 
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has long been a question, whether the granules alter their forms 
or positions with the time. In the astrographic telescope of the 
Pulkowa Observatory, the image of the Sun at the primary focus 
has a diameter of 3 cms., and by using an achromatic concave 
lens, this was enlarged to 54 cms. Then the negatives were in- 
tensified and enlarged to such a scale that the solar disc would 
be 6 metres. On comparing photographs of the same portion of 
the disc, taken with an interval of 25 seconds between them, it 
was seen that the granules had undergone little change of form, 
but relative movements and changes in brightness could be de- 
tected. With an interval of 1 minute, great changes took place, 
and after 5 minutes they could hardly be recognised. The 
granules vary in diameter from about 670 kilometres to 2000 
kilometres. Professor Hansky hopes to find the relation of the 
granules to the spots, faculze and other solar features. 


A new determination of the magnitude of the Sun con- 
sidered as astar, has been made by Ceraski, of Moscow. By 
comparing the Sun with Venus during the day, and then Venus 
with Polaris, Procyon and Sirius at night, he obtained very 
accordant results, the mean of which gives the Sun a magnitude 
of - 26°59. 

The temperature of the Sun is another physical quantity of 
great interest, and a new approximate value has recently been 
found by M. Henri Moissan, who is noted for his work with the 
electric furnace. The metal titanium is plentiful in the Sun, 
and Moissan having succeeded in volatilising it in his furnace 
at a temperature of about 3500°C., he concluded that the tem- 
perature of the Sun where this substance is volatilised must be 
about the same as this. He concludes, that the solar temperature 
is somewhere between Wilson’s estimate of 6590°C. and that of 
Violle, of 2000 to 3000°C., the probability being that the latter 
is nearer the truth. (4000°C. = 7212° Fahr.) 


In a paper published in 1904, Professor Langley expressed 
the view that the total solar radiation received by the earth may 
vary considerably in comparatively short periods. Summarising 
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results obtained since 1902, Mr. C. G. Abbot, who is in charge of 
the Astrophysical Observatory of the Smithsonian Institution, 
concludes that this view is confirmed and that a study of the 
solar radiation will contribute to the solution of the problem of 
forecasting climate. In connection with this subject, the Solar 
Commission which met at Innsbruck in 1905, suggested that for 
the purpose of comparison with solar phenomena, the meteoro- 
logical observations should be, monthly means of pressure, tem- 
perature and rainfall ; and that observations of the transparency 
of the air be made by noting the visibility of distant and high 
mountains, and by photometrical observations of Polaris. 


THE MOON. 


During the lunar eclipse of Feb. 8, 1906, some very interest- 
ing observations on the bright spot surrounding the crater 
Linné were made by Messrs. Barnard, Stebbins, R. H. Frost 
and others, and the results are quite accordant. The diameter 
of the bright spot began to increase as Linné passed into the 
earth’s shadow and to decrease rapidly on the return of sunlight 
to that portion of the Moon's surface. 


Prof. W. H. Pickering considers that as this phenomenon 
has been reported as seen by six independent observers, it may be 
looked upon as confirmed or accepted as real. He ascribes the 
increase to the disposition of hoar-frost or something analogous to 
it, caused by the drop in temperature consequent on the opaque 
earth screening the Sun’s rays. 


The ninth part of the great Paris Atlas of the Moon has 
‘. been published, and in it is a discussion of several theories re- 
garding the production of the features of the Moon’s surface. 


Another interesting publication on the Moon, is that of Prof. 
W. H. Pickering, in which he compares the Lunar features 
with those of Hawaii. In 1905 Professor Pickering visited the 
Hawaiian Islands and studied carefully the crater formations “* 
found there. In great detail these are compared with the 
Moon's surface, and the evidence adduced, strengthens the con- 
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clusion that the surface markings of the moon are of volcanic 
origin. 


It may be mentioned also, that the Greenwich Observatory 
still continues its great work on the Moon, the researches of Mr. 
P. H. Cowell deserving especial mention. 


THE PLANETS. 


Mr. W. F. Denning continues his close watch on Jupiter. 
Between Mar. 24 and May 4, the period of rotation of the Great 
Red Spot and its hollow was 9" 55" 40°6°, which agreed 
well with the predicted value, but on August 9, he found the 
period shortened, it being for the interval, May 4 to August 8, 
only 9" 55" 33°8.. This increase of velocity is greater than 
any previously observed. These results were confirmed by Rev. 
T. E. R. Phillips. Mr. Denning has also determined the period 
of rotation of several spots on the equatorial side of the southern 
belt, from observations ranging from 1898 to 1906. In 1880-3 
the period was from 18 to 27 seconds shorter than in 1905-6, the 
rate at this latter time being several seconds slower than in 
previous years. 

At Flammarion’s observatory at Juvisy it was observed that 
a great change had taken place in the visibility of the northern 
equatorial band. Since 1903 this band had been continually 
diminishing, and on April 10, 1906, it was almost invisible, but . 
on July 17, after Jupiter’s conjunction with the Sun, the band 
was completely re-formed. . 

An account of painstaking and excellent work on Mars, is 
given in volume three of the Annals of Lowell Observatory, and 
in Mr. Lowell's book on Mars and its Canals. Both volumes 
are very handsomely issued, and the latter, being a popular, 
though still scientific account of the long and patient labors of 
the Director and his able assistants in the observatory at Flag- 
staff, Arizona, will certainly be widely read. The work is ex- 
tremely interesting and the author does not hesitate to state his 
views as to the presence of vegetation and of life on the planet. 


\ 
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Some interesting developments have taken place in the dis- 
covery of small planets. Rev. J. H. Metcalf, of Taunton, Mass., 
described a new method for discovering these minute bodies. It 
is an adaptation of the method used in photographing comets, 
and consists in moving the plate regularly with a speed equal to 
that of the average asteroid. If one is present, even though 
very faint, it will impress a circular image on the plate while the 
stars show trails. Mr. Metcalf in this way discovered an 
asteroid on March 22 and a comet on Nov. 14, 1906. 

A recently discovered minor planet, denoted by the symbol 
7G, proves to be of exceptional interest. The orbits of these 
bodies are almost invariably contained between the orbits of 
Mars and Jupiter, but the mean distance of 7G is slightly 
beyond Jupiter's orbit. On the other hand the planet Eros, dis- 
covered in 1898, has its perihelion distance within the orbit of 
Mars. 

Up to June 21, 1906, the entire number of these bodies dis- 
covered was 601, about three per month being the rate at which 
they are found. 


THE STARS. 


The cultivation of that immense field, the stellar universe, 
proceeds with undiminished energy and valuable harvests are 
being reaped by workers at many observatories. 


The Royal Observatory at Greenwich well holds its own. 
A new working catalogue of stars of the ninth magnitude and 
brighter, situated between declinations + 24° and + 32° is now 
complete. It includes over 12,000 stars, the places of which 
have all been accurately brought up to1910. The work on the 
Astrographic Catalogue undertaken at Greenwich is also nearly 
done, and when complete about 178,000 stars will have been 
accurately charted. 


From the Radcliffe Observatory at Oxford comes a new 
catalogue of 1772 stars, prepared by Professor Rambaut. It is 
considered a model of accuracy and thoroughness. The micro- 
scopic defects in the mounting of the instrument, in the gradu- 
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ated circles and in other parts of the equipment are hunted down 
with unending patience, and the result is a catalogue which has 
received the highest praise. 


At the Astronomical Laboratory at Groningen, in charge of 
Professor Kapteyn, many laborious calculations of great value 
to the working astronomer, are being made and published. At 
this place the study of the faint stars is being energetically car- 
ried forward, and these efforts are being ably supported by the 
work at the Harvard College Observatory. By both photo- 
metric and photographic methods, many valuable results are 
being obtained. 


A very important addition to the photometry of the stars 
is contained in vol. 16 of the Publications of the Astrophysical 
Observatory at Potsdam, recently issued. The north celestial 
hemisphere was divided into four zones for convenience in 
working, and this volume contains the fourth and last zone. 
It includes all stars of magnitude 7°5 or brighter, and the re- 
sults obtained show a satisfactory accordance with those in the 
Bonn, Harvard and Oxford photometries. 


The number of stars usually supposed to be visible in the 
largest telescopes and on the best photographs is about 100,000, - 
000. Mr. J. E. Gore has recently counted the stars on the 
prints given in Dr. Roberts’ stellar photographs. He found 
that the average number of stars per square degree was 4157 
in the Milky Way, 1782 near the Milky Way and 408 in the 
more distant regions. Combining these results with the areas of 
the regions considered, he obtained as the grand total of visible 
stars 64,184,757 ; though, if we include clusters and nebulae 
this number will be somewhat increased. Mr. Gore therefore 
considers 100,000,000 an upper limit. 

The activity shown in discovering new variable stars is so 
great that it is hard to keep account of all. Max Wolf, of 
Heidelberg, announces the discovery of 55 new variables in 
the region about y Sagittae, and 7 in Orion. Miss Leavitt, 
of the Harvard Observatory has found 58 new ones in Carina. 
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At the Lick and other observatories additional variables have 
been found. In Circular No. 112 of the Harvard College Ob- 
servatory, Professor Pickering publishes a plea for the organised 
observations of long-period variables, work especially suited for 
amateur observers. To facilitate this work, catalogues and 
charts are being published, and will be placed in the hands of 
those willing and able to use them. Professor Bailey, of the 
same Qbservatory, proposes a co-operative plan for the con- 
struction of a variable star Durchmusterung. I might remark 
that one of our members, Mr. J. Miller Barr, of St. 
Catharines, has made a decided success of this work. Not 
only has he successfully observed the changes in stars already 
discovered, but, he has found new ones. 

One of the most interesting of variable stars is # Lyre, 
discovered in 1784 by John Goodricke of York, a deaf-mute, 
scarcely 20 years of age. It has a double minimum, one being 
much more pronounced than the other, and its period is given 
as 12" 22", but the period appears to be increasing though not 
uniformly. The change is at a diminishing rate. A cause for 
this extraordinary effect is suggested by Dr. A. W. Roberts in 
the Odservatory, his view being, that in this star we have a 
binary system in which the component stars are slowly reced- 
ing from each other under tidal forces, in accordance with Dar- 
win'’s theory, regarding the evolution of planetary and stellar 
systems. On the other hand Professor Schaeberle accounts for 
the result on the principle of the repulsion due to light. He 
suggests, that at a certain period of the system, the decrease 
in mass by repulsion from one body was so rapid, as to cause 
an increase in the periodic time of any other body belonging 
to the system. If now a portion of this ejected mass after- 
ward returns to the parent body, the increase in period would 
be at a diminishing rate. 

There has also been a plentiful harvest of double stars. 
Aitken, of the Lick, publishes 350 new ones, Rev. T. E. 
Espin gives 42, and Burnham of the Yerkes has completed his 
monumental catalogue of double stars, to which he _ has 
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devoted so much of his life. It will be issued by the Car- 
negie Institution and will undoubtedly be the standard work 
on the subject for many years. Prof. E. Doolittle of the 
Flower Observatory, University of Pennsylvania, has pub- 
lished measures of 1066 double and multiple stars. Another 
very important event in this department is the publication of 
a great memoir by Mr. T. Lewis, of the Greenwich Observa- 
tory, on W. Struve’s double stars. It gives the complete ob- 
servations made on 3000 pairs from the time of their dis- 
covery to the present time, computes the orbits when possible 
and criticises the orbits computed by others. 

Much work has also been done on the measurement of 
radial velocities, for which the Lick, Yerkes and Potsdam 
observatories are especially famous. I may say too, that this 
line of work is being assiduously carried on at our own ob- 
servatory at Ottawa, and results will soon be forthcoming in 
a form suitable for publication. Attention is also directed to 
the excellent work done by Mr. Slipher at the Lowell Ob- 
servatory on the radial velocity of ten standard stars. It is 
found, that at this observatory on account of the great alti- 
tude and prevailing transparency of the atmosphere, results 
can be secured in about one-half the time required at the 
Yerkes Observatory. 

The largest and finest nebula in the sky is believed to be 
that in Orion, but Professor Barnard has discovered photo- 
graphically a large nebula in Scorpio comparable in size and 
complexity to the one just mentioned. Professor Barnard 
thinks that the branching, straggling character of this and 
similar nebulae tends to discredit the accepted form of the 
nebular theory of stellar evolution. 


THE ZODIACAL LIGHT. 


The Zodiacal Light has always been an enigma, and infor- 
mation regarding it is much to be desired. During the years 
1899-1901 Mr. Maxwell Hall, of Montego Bay, Jamaica, made 
some interesting and suggestive observations. He determined 
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the breadth of the light and its boundaries at different dis- 
tances from the Sun, and on reducing his observations he ob- 
tained evidence tending to show that the light is parallel to the 
invariable plane of the Solar System, a result confirmed by some 
others. He concludes, that the Zodiacal Light is caused by re- 
flection of sunlight from masses of meteoric matter still contained 
in the invariable plane, which may be considered the original 
plane of the Solar System. In this case, the phenomenon is as- 
tronomical in origin and should be seen better and more fre- 
quently at stations in high latitudes. 

Professor Barnard has also paid some attention to the sub- 
ject and concludes that the light extends at least 65° north and 
south of the Sun. 


METEORS AND COMETS. 


Two magnificent fireballs are reported by Mr. Denning. 
One was seen on Jan. 27 at 8.33 p.m., above the North Sea, dis- 
appearing near Wainfleet. Its brightness was equal to that of 
the full moon. Its height was from 59 to 45 miles. The length 
of observed path was approximately 42 miles and the velocity 
about 24 miles a second. Its trail was visible for 5 minutes. 
Another was seen on Dec. 30, 1905, in Scotland and the northern 
counties of England. The height of the meteor at the points of 
observation was from 27 to 67 miles, its length 72 miles, and 
velocity 15 miles a second. In this case the trail was visible for 
12 or 15 minutes. 

One of the most remarkable of meteoric phenomena, how- 
ever, is that described by Capt. C. B. Anderson of the Steamer 
African Prince, who says: ‘‘ On the evening of Oct. 17, I was 
on the bridge with the’second officer, when suddenly the dark 
night was light as day, and an immense meteor shot compara- 
tively slowly at first, (because the direction was so perpendicu- 
lar to our position,) then more rapidly towards the earth. 
The train of light was an immense broad electric-colored band, 
gradually turning to orange, and then the color of molten metal. 
When the meteor came into the denser atmosphere close to the 
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earth, it appeared, as nearly as it is possible to describe it, like 
a molten mass of metal being poured out. It entered the water 
with a hissing noise, close to the ship.’’ 

During the year eight comets were observed, though none 
visible to the naked eye. Comet 16a, was discovered by 
Brooks, of Geneva, N.Y., on Jan. 26 ; 19064, by Kopff of the 
Konigstuhl Observatory, Heidelberg, on March 3; 106c, by 
Ross, of Melbourne, March 18 ; 1906e, also by Kopff, Aug. 22; 
1906g, by Thiele, at Copenhagen, Nov. 10; 19064, by Metcalf, 
at Taunton, Mass., Nov. 14. Comet 1906d, was Finlay’s comet, 
the period of which is 6°56 years, “re-discovered on July 16 by 
Kopff ; and 1906/, was Holmes’ Comet, of period 6°87 years, 
originally discovered on Nov. 2, 1892, but re-discovered on its 
second return by Wolf, at the Konigstuhl Observatory, on Aug. 
28. Naked-eye comets are somewhat rare. Halley’s Comet, 
which has a period of about 76 years, should be observable with 
a telescope at the end of 1909, and during the latter half of 
March 1910 will likely be seen with the naked eye. 


GEODETIC MEASUREMENTS. 

The observations to determine the precise manner in which 
the latitude varies are being continued at about a dozen observa- 
tories, some of them established by international agreement, 
specially for the purpose. At the recent meeting of the Astro- 
nomical and Astrophysical Society of America, a paper was pre- 
sented by Prof. C. L. Doolittle, of the Flower Observatory, Uni- 
versity of Pennsylvania, in which, in addition to the regular 
variation having a period of 428 days, one of approximately six 
years appeared to be indicated. 

An important work for any country to undertake, is the 
measurement of an arc on the earth’s surface, and several nations 
have an honorable record of such labor. At present one of the 
greatest undertakings of the kind, is that of measuring an arc of 
the 50th Meridian, extending from Cape Colony to Egypt, and it 


is satisfactory to learn that the end of this splendid international 
work is almost in sight. 
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In Canada the determination of the longitude of various 
stations and the delimitation of the U.S. boundary is being con- 
tinually pushed forward. 

IMPROVEMENTS IN EQUIPMENT. 

As we should expect, the world will ever be satisfied with 
its present astronomical equipment, but greater engines of re- 
search are ever in process of evolution. 

At Hamburg, Germany, the senate and council have voted 
Mk. 1,000,000 ($250,000) towards the erection and equipment of 
a new observatory. When completed it will possess a meridian 
circle of 18 cm. (7 in.) aperture ; a refractor of 60 cm. (23 in.) 
aperture ; a double photographic telescope; and a reflector of 
diameter 1 metre. 

Professor Hale states, that the spectroscopic laboratory on 
Mt. Wilson is equipped with means for obtaining, as nearly as 
possible, temperatures, pressures, &c., similar to those in the 
sun, and a photograph of the outfit shows well, how far modern 
research goes! In addition to the 60-inch reflector now possessed 
by the Solar Observatory, Mr. John D. Hooker of Los Angeles, 
has offered to defray the cost of constructing one of diameter 100 
inches. The work will be performed by Prof. G. W. Ritchey, 
who made the other one, and it will likely require about four 
years to do it. 

Professor Vogel has shown the advantage for photographic 
purposes, of using a reflector with short focal length. With one 
having an aperture of 40 cms. and focal length of 95 cms. he ob- 
tained as great detail as the Crossley reflector gave with eight 
times the exposure. Comparison with Dr. Roberts’ telescope 
gives results equally favorable to the new one. 

Another advance is called for by Professor E. C. Picker- 
ing. He has published a plea for a large international re- 
flector in the southern hemisphere. He suggests an aperture 
of 7 feet and focal length of 44 feet, and that a good location 
would be in South Africa. The cost would be approximately 
$500,000. Who shall say when this project shall be realised ? 
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THE WORK OF THE SOCIETY DURING THE YEAR. 
REGULAR MEETINGS. 


During the year eighteen regular meetings were held. Mrs. 
S. D. Keran presented a thoughtful paper on ‘‘ Some Differ- 
ences in Ancient and Modern Science.’’ Mr. R. M. Stewart, 


of Ottawa, described the Time-service of the Dominion Ob- 


servatory,’’ explaining the wide usefulness of the Observatory 
in distributing accurate time throughout the public buildings. 


Our honored patriarch, Mr. Andrew Elvius, gave thoughtful dis- 


” ‘ 


cussions on ‘‘ Terrestrial Magnetism and on ‘‘ Astronomi- 


cal and Geological Periods. It is an especial pleasure to have 
Mr. Elvins with us to-night ; he is our most regular attendant. 
Mr. Stupart gave a valuable paper showing the relation of 
Magnetic Disturbances to the Aurorae observed in 1905.  Pro- 
fessor De Lury gave an account of ‘* Physical Theories of the 
Universe,’’ and Mr. J. R. Collins discussed the ‘‘ Age of the 
Earth,’ while Mr. F. L. Blake gave a lucid account of the 
ordinary views held as to the Earth’s evolution. A very enjoy- 
able paper on the ‘‘ Stonyhurst College Observatory ’’ was given 
by Rev. Father Kavanagh, of Montreal, who spent some time 
studying at that well-known institution. Professor Kirschmann 
proposed some problems as to the Earth’s interior and some 
novel views regarding transmutation of the elements. Two in- 
teresting papers on double stars were presented, one by Mr. W. 
E. Jackson, in which were given some measurements made with 
the 6-inch telescope of the Toronto Meteorological Observatory ; 
the other by our accomplished observer Mr. A. F. Miller. The 
subject ‘‘ Astronomy and the Bible ’’ was treated in most in- 


structive manner by Mr. J. E. Maybee; and Mr. L. H. Graham 


” 


gave a comprehensive review of work done on the planet Mars. 
Another paper, showing great industry as well as literary and 
scientific taste, was by Mr. John A. Paterson, on ‘* The Astrono- 


my of Shakespeare ’’ ; and the account of determining the Alas- 


kan boundary by Mr. F. A. McDiarmid, contained much of in- 
terest as well as of permanent value. 
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In addition to the regular papers as announced by pro- 
gramme, some valuable reports of observations were recorded and 
many helpful and stimulating discussions took place. The in- 
terest throughout the year was well sustained, and the increase 
in membership was substantial. 

SPECIAL LECTURES. 

During the months of March and April, a course of six ele- 

mentary lectures on the ‘‘ Physical Constitution of the Heavenly 


Bodies ’’ was given by your President. By courtesy of the Uni- 
versity authorities these were held in the Chemical Building, and 
throughout the entire course the attendance was excellent and 


the interest most encouraging. This elementary course has now 


become almost a by-law of the Society, and we hope to have 
another one this season. 
THE SOCIETY AND THE UNIVERSITY. 

In my address a year ago,I outlined a plan for co-operation 
between the University and our Society, which appeared to have 
received the commendation of all parties. The proposal which 
had been made, was that the University supply suitable accommo- 
dation for the library and the instruments belonging to the 
Society, and also allow a convenient lecture room to be used for 
our ordinary meetings; the University, on the other hand, to 
have the use of the library and instruments. On account of in- 
adequate accommodation, the plan as a whole has not been put 
into execution, though a part of it, namely, the use of the instru- 
ments for purposes of instruction in the University, has been. 
But on the completion of the Physics Building, now being erect- 
ed, I hope the entire plan will be carried out. I am convinced 
that it will be of decided value, both to the University and the 
Society. 

The study of astronomy in the University is certainly not 
declining in popularity. As I suppose many of you know, the 
Society offers annually to the University a gold medal for high 
standing on graduation in the course in Astronomy and Physics; 
and last June the first award was made. The successful student, 
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was Mr. W. E. Harper, whose home is in the County of Grey, 
and the present speaker had the pleasure of informing Mr. Har- 
per, on the day of his graduation, that he had been appointed to 
the Dominion Astronomical Observatory. Dr. King, the director 
of the Observatory, was present at the graduating ceremonies 
and courteously showed the speaker a telegram he had just re- 
ceived, conveying the information of Mr. Harper’s appointment. 
The work in astrophysics at the Observatory is being vigorously 
prosecuted by Mr. John S. Plaskett, and Mr. Harper is rendering 
effective assistance in it. There is an impression abroad, that 
when a person enters the Civil Service he at once resigns himself 
to a life of indolence and withering ambitions, but from the many 
reports I hear from our national Observatory, I am led to believe 
that at that institution the impression referred to is not verified. 
The ability, energy and unremitting application of the workers 
found in that beautiful edifice, will certainly in the near future 
produce results which will reflect the highest credit on our 
country. 


EXTENDING OUR SOCIETY. 


Our Society is national in name, and we earnestly desire to 
make it national in character. In 1905, the Ontario Government 
encouraged us greatly by substantially increasing our grant ; and 
during 1906 upon showing what we had already done and ex- 
plaining our high aims, the Dominion Government generously 
recognised our work by giving us a grant of $1000 a year. In 
carrying out our plans for extension, we decided to issue, first, 
a Canadian Astronomical Handbook, containing astronomical 
predictions and other information, arranged in a form especially 
suited to the needs of Canadian observers ; second, a bi-monthly 
periodical, which we propose shall contain papers presented to 
the Society, minutes of our meetings with some of the discus- 
sions, reviews of current scientific articles and of new books, and 


other matters of interest. We think that a daily companion, 
carried in the pocket or placed on the desk, such as we hope 
our Handbook will prove to be, and a periodical visitor bring- 
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ing up-to-date information on astronomical effort throughout 
our Country and the world at large, should attract to our 
ranks, intelligent students of natural phenomena from every 
part of Canada. 
The Handbook is now ready for distribution. It was in- 
tended to send it to the members before the New Year, and 
the failure to do so cannot be charged against the editor. es 
The bi-monthly—which we hope will become a monthly before ; 3 
long—will be called Zhe Journal of the Royal Astronomical So- a 
ciety of Canada, and the first number will be ready early in Feb- 
ruary. All the publications will be sent free to all members, 
and we are looking for a great increase of membership during 
1907. 
The annual fee for membership is $2.00; and to encourage 
the formation of Sections of the Society at various centres, the 
Council proposed, and the Society sanctioned the suggestion, that 
when a local organisation has been satisfactorily accomplished, 
one half of the fees of the members of that Section be remitted to ' 
meet local expenses. 
In December last, a Section was organised in Ottawa on 
these lines, and a revision of our constitution is now under con- 
sideration in order to provide for local autonomy in the Sections, 
and at the same time perfect union of interests in the Society as 
a whole. The Ottawa Section will undoubtedly give a highly 
creditable account of itself. 
Soon, we hope to have similar organisations in Montreal, 
Winnipeg and other places, and I trust you will not think the 
spectacles through which I look to be too rosy, when I say, that 
I see before me a long and honorable career of usefulness for our 
Society. The greatness of a nation does not consist in mere 


material bigness, or in the magnitude of its trade returns ; rather 
must we attend to the intellectual, the moral and the spiritual at- 
tainments of the people, if we are to reach true distinction. I 
believe the Royal Astronomical Society of Canada, will in the 
coming years, be a great power in the development of the 
higher faculties of the Canadian people. 
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January 23, 


February 6, 
February 20, 


March 6, 
March 20, 


April 10, 
April 24, 
May 8, 

May 22, 


June 5, 


June 19, 
June 26, 
October 9, 


October 23, 


November 6, 


November 20, 


December 4, 


December 18, 


The Royal Astronomical 


PAPERS AND LECTURES, 1906. 


The Society’s Annual At-Home. 
Some Differences in Ancient and Modern Science. 
Mrs. S. D. Keran, 


The Time-Service of the Dominion Observatory. 
R. M. Stewart, M.A., Ottawa. 
Terrestrial Magnetism. Andrew Elvins. “ 

Magnetic Disturbances and the Aurora. 
R. F. Stupart, F.R.S.C. 
The Age of the Earth. J. R. Collins, 
Physical Theories of the Universe. A. T. De Lury, M.A. 
J. E. Maybee, M.E. 
E, Jackson, B.A. 


Astronomy and the Bible. 

Double-stars and their Measurement. Ww. 

Mars: An Account of Recent Work on the Planet. 
L. H. Graham, M.A. 

F. L. Blake, D.L.S. 

Open Air Meeting with Telescopes. 


The Earth’s Beginnings, 
Astronomical and Geological Periods. Andrew Elvins. 
Reports of Summer Observations. 
The Stonyhurst College Observatory. Rev. I. J, Kavanagh, 
S.J., M.A., B.Sc., Loyola College, Montreal. 
Some Recent Views ‘on the Earth’s Interior. J. R. Collins. 
Some Problems Relating to the Earth’s Interior and the Trans- 
formation of Matter. A. Kirschmann, Ph.D. 
A. F. Miller. 
Longitude Work on the 14Ist Meridian. 
F. A. McDiarmid, B.A,, Ottawa. 


The Astronomy of Shakespeare. 
John A, Paterson, M.A., K.C. 


Stellar Motions, 


FREE PUBLIC LECTURES. 


During March and April, a course of six lectures on ‘‘ The 


Physical Constitution of the Heavenly Bodies,’’ 


was given by 


the President of the Society. 


Through the courtesy of the University Authorities, these 
were delivered in the Chemical Building of the University, and 


were well attended. 
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Society of Canada. 


TREASURER’S REPORT. 


ROYAL ASTRONOMICAL SOCIETY OF CANADA. 


CASH STATEMENT FOR 1906. 


Receipts, 1906, 
Cash in Bank - - - - - 
Canadian Institute for breaking Lens 
Interest from - - 
Fees from Members - - 
City Grant - - 
Ontario Government Grant - 
Dominion Government Grant 


Expenditures, 1906. 
Exchange on cheques - - - - 
Bank Interest on overdraft - 

Moving Expenses - - - 
Livery Bill - - - - - 
Trip to Hamilton - - - 

Fire Insurance - - - - 
Caretaking - - 

Lantern Slides’ - - 

Library Furniture, Repairs - 

Society’s Seal - - - - - 
Astronomical Handbook (part payment) 
Gold Medal and Die - - - 
Public Meetings 

Assistant Librarian - - 
Printing, Stationery and Postage- - 
Books and Periodicals - - 
Transactions, 1906 - 


1.50 
8.05 
183.00 
100,00 
600,00 
1000.00 


+30 
1.20 
2.85 
4.00 
6.00 
12.75 
13.00 
18.95 
21,70 
34-75 
49.00 
61.50 
69.62 
141,00 
144.43 
260.83 
428.61 


513-34 


1892.55 


2405.89 


1270.49 
1135.40 


GEORGE Ripout, 


I have examined the foregoing statement for the year 1906, 


correct, 


(Signed,) WM, BAIN, 


Toronto, Feb, 2nd, 1907, 


Treasurer, 


and find it 
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ASTRONOMY AS A SCIENCE. 
By W. F. KING.* 


]* is usual, in Scientific societies, that the President, in his 

annual address, shall give a resumé of recent investiga- 
tions and advances in the science which he represents, accom- 
panying this frequently with a development of his views upon 
some matter which he has personally made a subject of research. 


At the opening meeting of this society, newly formed for the 
pursuit of the study of Astronomy, it may perhaps be fitting, 
that I should not deal with particular observations or investiga- 
tions, but should rather direct your attention to some of the 
general principles upon which the science is based, and to some 
of the methods by which astronomical knowledge is increased. 

Astronomical science is founded upon observation, but it is 
not solely, or mainly, observational in its nature. Large tele- 
scopes, buildings on selected sites, the occasional announcement 
of the discovery of a new comet or asteroid, emphasize the 
observational side of Astronomy, and lead many to think that 
‘* star-gazing ’’ is the beginning and end of the astronomer’s 
work, that nature’s secrets are discovered by the bodily eye 
peering into space. The function of the mental eye, the inter- 
preting of what is seen, is apt to be overlooked, but this is in all 
sciences the important part, and in none more so than in 
Astronomy. 

Every science in its development follows a certain logical 
order. ‘This order is the same for all sciences, and for all their 
branches. Though the successive stages will not be simultaneous 
in all branches of one science, yet the development must always 
proceed on certain lines. 

These lines are :— 


* President’s Inaugural Address at the first meeting of the Ottawa Section of 
the Royal Astronomical Society of Canada. 
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1. Observation of phenomena ; that is, collection of facts. 

2. Classification of the results of observation with respect 
to similarities and differences, whereby may be discovered rela- 
tions of before and after, antecedent and consequent, or cause 
and effect, empirically as it is termed. ‘That is, we see that 
certain relations exist in Nature, but we as yet do not know why 
they exist. 

3. Hypothesis, or assumption of a physical reason why the 
consequents should follow the antecedents, testing this hypothe- 
sis by deduction from it, assumed as true, of results which logi- 
cally follow from it, and comparing these deduced consequences 
with the observations. 


4. Comparing also with further observations, or experi- 
ments, devised so as to eliminate the effects of other causes, which 
may tend to mask the effect of the cause which we are investiga- 
ting. A further test is that of prediction, whereby we are 
enabled to look for some consequence which we have not 
observed. 

5. When by tests like these the existence of the cause pre- 
mised by the hypothesis has been proved to a sufficiently high 
degree of probability, a law of nature, so called, is established. 
This, being applied to account for the similarities in the pheno- 
mena observed, allows their residual divergences to be discussed, 
whereby new laws may appear. Some examples of the use of 
established laws to further investigations will be given further 
on. 

Thus it appears that observation is but a part of the scien- 
tific process. Much more important is the sifting which follows, 
and science itself may be said to begin with the generalization, 
whereby out of a number of particular phenomena we extract the 
general principle, which enables us to assert relations of causa- 
tion outside of our actual observations. Thus is attained a real 
increase of knowledge. 

Observations alone can disclose very little. A botanist or a 
mineralogist, for instance, collects specimens of plants or rocks. 
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Without intelligent classification, comparison with collections 
elsewhere, and the ascertaining of the reason why similarities 
and dissimilarities exist, such a collection, however extensive, is 
of little use to anyone. In Meteorology, a great mass of accumu- 
lated observations exists, temperatures, barometric pressures, 
rainfall, and so forth, observed regularly at thousands of sta- 
tions. Unfortunately, except for some empirical rules as to 
general direction of progression of atmospheric changes, little is 
understood as yet of the governing principles. The great mass 
of observations no doubt contains much hidden knowledge, but 
the clue is wanting. Without that clue, the recorded observa- 
tions tell us very faithfully what has happened, but without 
useful hint for the future. 

The early history of Astronomy shows the futility of obser- 
vation alone, without guiding principles. Ancient Astronomers 
believed that the celestial bodies revolved about the fixed earth 
every twenty-four hours. Why did they so believe ? Because 
they saw them revolve. The sun, moon and planets as well as 
the stars were set upon a spherical surface surrounding the 
earth ; this they saw, or thought they saw. At a later date this 
cosmogony was amended by making the sun the centre of mo- 
tion of the planets, but still revolving about the fixed earth. 
This improved theory was not arrived at by observation alone, 
but by reasoning applied to observation. 

Looking back at all the countless ages, during which the 
starlit heavens have excited the wonder and the interest of man- 
kind, we may well be astonished when we reflect, that it is not 
yet four hundred years since Copernicus first enunciated the 
theory that the earth, and not the heavens was the moving 
body. 

We are rather apt, from the height of our superior 
knowledge, attained almost at the beginning of our education, 
and thereby firmly grounded in our mental constitution, to 
look down upon these insufficient reasoners, who believed that 
the earth was the central pivot of the whole universe. But let 
us remember that the argument which is most conclusive against 
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the ancient cosmogony is the improbability that such vast bodies 
as the sun and the stars, and, at such immense distances, should 
revolve about this relatively insignificent world. Remember 
that these facts were unknown to the ancients. What could 
they know of the distance of the sun, or even the moon from us? 
They saw the arched firmament, apparently but a short distance 
away. I myself can distinctly recollect wondering, as a child, 
whether the sky was more than two or three miles away. In 
the words of the poet— 


**T remember, I remember 
The fir-trees dark and high ; 
I used to think their slender tops 
Were close against the sky.” 

Moreover, an optical illusion, due to comparison with dis- 
tant terrestrial objects, increases the apparent distance of the 
sky near the horizon. By this the sky overhead is relatively 
flattened, or to appearance lowered, so that the observer seems 
to be away from the centre of the celectial sphere. Thus, even 
after he has arrived at the idea of a spherical earth, suspended 
in space, he is apt to estimate the diameter of the celestial sphere 
as of the same order of magnitude as that of the earth. 

Even should one, under these limitations of visual decep- 
tion uncorrected by precise measurement, go so far as to judge 
the apparent firmament to be as much as five thousand miles 
away, the sun, at that distance, with its angular diameter of 
about half a degree, would be less than 50 miles in diameter—a 
trifling thing in comparison with our earth. What is there im- 
probable in the idea that such a body should revolve about the 
earth ? 


The optical illusion which I have referred to, reminds me of 
an incident. A good many years ago, I was one of an expedi- 
tion which set out to survey the international boundary from the 
Lake of the Woods to the Rocky Mountains. We sailed from 
Collingwood for Duluth in the old steamboat, the /vrances 
Smith. The party was composed of the principal officers of the 
expedition. some of us Canadians, and about fifty non-com- 
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missioned officers and men of the Royal Engineers, just out from 
Iingland. One fine calm night on Lake Superior, when the 
stars were shining with all the biiiliance of a moonless night in 
autumn, I was strolling about the deck, when I was addressed 
by one of the sergeants with a remark that the stars were 
much brighter than in England. As explanation, I ventured 
something about the clearness of the atmosphere, but was cor- 
rected with a certain air of dignified condescension to my youth- 
fulignorance. ‘‘ No! that’s not it. The reason is that we are 
so much nearer tothem; This lake is six hundred feet above 
the sea.’’ 


Passing now from the error of relying upon observation 
uncorrected by reason, we come to the opposite error, that of 
basing conclusions on reasoning from previous conceptions with- 
out regard to observed facts, as if the order of nature must 
necessarily be that which we think it ought to be. 


Everyone is familiar with the paradoxers who insist that the 
earth is flat, or that it is concave, instead of convex, or put for- 
ward some comprehensive explanation of the genesis and struc- 
ture of the universe, and who refuse all evidence which tends to 
controvert their pet theory. One reason for the existence of flat 
earth theorists, may be the difficulty of imagining the state of 
things at the Antipodes, where men walking upright have their 
heads pointing in the opposite direction to ours. That which is 
unimaginable by the human mind is not necessarily false. 

Illustrations of the fallacy of applying abstract reasoning to 
the explanation of facts are not wanting in astronomical history. 

When Galileo discovered, with his telescope, spots on the 
sun, the correctness of his observation was denied on some such 
grounds as these: Heaven being the place of perfection, the 
heavenly bodies must be perfect ; spots are imperfections ; there- 
fore the assertion that there are spots upon the sun is false, and, 
as denying the perfection of the heavens, infidel. 


Again, the theory of perfection required the planets to 
move in circular orbits, for the circle was considered the only 
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perfect figure. When the evidence of observation could no 
longer be denied, the theory of epicycloids was devised ; the 
planet moved in the circumference of a small circle, whose 
centre travelled in a circular orbit about the sun. This ex- 
planation served for a time, but, as observation proceeded, 
irregularities became evident, which needed additional circles 
to explain them. Thus were heaped epicycloids upon epicy- 
cloids until endless complexity resulted. The human mind, 
ever prone to believe in the fundamental simplicity of nature, 
was driven to attempt a more reasonable solution of the problem. 

The great forward step, which marks the beginning of 
scientific astronomy, was taken by Kepler when he discarded 
these unfruitful preconceptions, and set himself to discover the 
actual curves which the planets follow. 


Using the observations of Tycho Brahe, he attempted to lay 
down the curve which should suit the observed positions of the 
planet Mars. He proceeded as it were by guess, trying one 
curve after another. After nineteen failures, he hit upon the 
ellipse, which he found represented very closely the actual ob- 
served path. Having reached this result, it was comparatively 
easy for him to ascertain that the other planets also moved in 
ellipses, and to arrive at his three general laws. 

1. That the planets move in ellipses having the sun in one 
focus. 

2. That the areas swept out by the line joining the sun 
and a planet are proportional to the times. 

5. That the squares of the periodic times of different 
planets are proportional to the cubes of their mean distances 
from the sun. ; 


Thus was attained the second of the stages of development 
of which I have spoken, the discovery of an empirical law. But 
as yet no reason could be assigned why the curves were ellipses 
instead of circles or other curves. The generalization was not 
complete ; it held good for some half dozen particular cases, but 
would be upset by the discovery of one adverse instance, as other 
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empirical laws have been upset, as for instance Bode's law of the 
progressive increase of planetary distances, and the law that 
satellites revolve in the same direction as their primaries. 


Newton took the next step. Knowing that the earth at- 
tracts bodies near its surface to it, and assuming that this 
attractive force diminished like radiation from a point, that is, as 
the square of the distance, he found, that at the distance of the 
moon, the accelerating force on this assumption, would account 
for her deflection from rectilinear motion. ‘Thus it was seen to 
be probable that the force of gravity extended to the moon. 


Then assuming that such an attraction resided in the sun, 
he proved by mathematical reasoning, that bodies subjected to it 
would move in accordance with Kepler’s laws. Hence the exis- 
tence of the cause assigned, attraction residing in the sun, was 
rendered probable. 


The completion of the proof of the great generalization sta- 
ted by the law of gravitation, as regards the solar system, was 
effected by Laplace and other great mathematicians, who showed 
that the very divergences of the planets from their elliptic orbits, 
divergences, which would have been fatal to Kepler’s laws had 
those remained empirical, together with the changes of the 
forms, dimensions and inclinations of the orbits, are all accounted 
for by the law of gravitation. The culminating point of this 
line of research may be said to have been reached in the dis- 
covery, by Leverrier and Adams, of the planet Neptune, by 
mathematical analysis of the perturbations of other planets 
caused by its attraction. 

The lunar theory, by which the complicated movements of 
the moon under the attraction of the sun, earth and the planets 
are explained by mathematical deduction from the law of attrac- 
tion, also affords a very complete proof. 


The fact that the same kind of compelling force which 
resides in the earth, also resides in the sun and the planets, leads 
naturally to the inference that it exists in the stars also. Evi- 
dential proof of this is not so easy to obtain, though we find 
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double stars revolving about one another in ellipses, and in some 
instances, shiftings in position of stars has led to the conclusion 
that they are accompanied by companions, whose existence has 
afterwards been verified by observation. ‘The law of gravitation 
has also been verified on the earth, by laboratory experiments. 

Hence we are justified in believing that the law of gravita- 
tion holds everywhere throughout that universe of which we 
have cognizance, and that every particle of matter in the uni- 
verse attracts every other particle with a:force which varies 
directly as the mass, and inversely as the square of the distance. 

But here we must put in a cautionary word. The law that 
the attractive force varies inversely as the square of the distance 
is doubtless true for what we may call sensible distances. We 
do not yet know the essential nature of gravitation, or how the 
effect is carried from one body to another. Many attempts have 
been made to explain it, but as yet unsuccessfully. With all 
respect to philosophers who have held otherwise, the idea that 
action at a distance, without an intervening medium, may be an 
inherent property of matter, does not seem satisfactory. Our 
minds’ ingrained as they are with notions acquired within our 
bounds of space and time, demand a medium by which the action 
may be transmitted. That this medium may be the light-carry- 
ing ether, presents difficulties. The only vibrations which, so far 
as we know, this ether transmits, though of very great velocity 
as compared with common terrestrial velocities, are yet not 
transmitted fast enough for the gravitational impulse. If how- 
ever it be the fact that gravitation is transmitted through this 
medium, and by waves, the mutual effect of two particles nearer 
to one another than a wave length, might not at all accord with 
the inverse square law. Conceivably, a repulsion instead of an 
attraction, might result. Just in the same way the separating 
power of the microscope reaches its limit when fractions of a 
wave length of light are dealt with. 

I have dealt so far with mathematical astronomy. Another 
branch of astronomy which has received much attention in the 
last half century is physical astronomy, or astrophysics. The 
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study of the constitution of the sun and the stars, of the con- 
ditions existing on the planets, is of very great interest to 
all. Enquiry into the changes going on in the sun also 
touches very closely the practical affairs of life, for on the 
radiation from the sun, all things terrestrial depend. 

The spectroscope is the physical astronomer’s most impor- 
tant ally in his investigations, for, by its analysis of the light 
coming from any source, may be determined the chemical ele- 
ments entering into the composition of the source, their vapo- 
rous condition or otherwise, the conditions as to temperature, 
the velocity with which the star is approaching or leaving us. 

The question may be asked, what warrant have we for 
assuming that the indications of the spectroscope, as to chemical 
constitution for instance, are correct. In a laboratory experi- 
ment we see certain lines in the spectrum of an element. If we 
see these same lines in a star spectrum how does that prove that 
that element exists in the star? Perhaps the best answer to this 
is that we are assured by all our scientific conclusions, especi- 
ally that of the universality of the law of gravitation, that there 
is a unity in Nature, that this earth is no exception to the 
general order, but a part of one great harmonious whole. We 
therefore coufidently believe that the properties of matter are 
the same here and everywhere. Without such belief, science 
could not exist. 

There is direct evidence, however, so far as the solar system 
is concerned, for by the spectroscope, velocities of revolution of 
the planets may be determined, according with results obtained 
by direct observation. The late Professor Keeler, with the 
spectroscope, showed that different parts of the rings of Saturn 
revolved about the planet with different angular velocities. 
This proves that the rings are not solid, but composed of discrete 
particles, like an aggregation of meteorites, a result which had 
been arrived at by mathematical proof, that a solid ring would 
necessarily be in unstable equilibrium, subject to inevitable 
downfall upon the body of the planet, or destruction under the 
action of the least perturbing force. 
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The usefulness of laws once established in assisting investi- 
gation, may be illustrated by a few examples. 


Things which we can see and handle we can measure and 
weigh by direct methods. For things very small, like the mole- 
cules of matter, or very great, like the distances of celestial 
objects, we are obliged to use indirect methods. 


The subject of indirect methods in science is a very interest- 
ing one. Thus we can measure very minute quantities of radiant 
heat by the electric current produced in a thermopile, or by the 
variation of an electric current due to the variation of the resist- 
ance of platinum. Very small movements may be measured opti- 
cally, by changes in interference rings : the attraction of gravity at 
the earth’s surface is measured with great accuracy, by counting 
the number of vibrations which a pendulum makes ina given time ; 
the earth’s magnetic force is measured in an analogous manner ; 
the velocity of particles of radiant matter, or electrons, is 
measured by their deflection by the magnet ; the average depth 
of the ocean is measured by the velocity of the tidal wave ; and 
so forth. 


Sometimes several indirect methods may be applied, and 
then the concordance of results is a proof of the accuracy of 
each. Thus the diameters of molecules of matter have been 
measured by the colors of soap bubbles, by the electrical action 
between zinc and copper, by surface tension, by movements of 
camphor on water, by theoretical conclusions based on the 
kinetic theory of gases. The quantities measured are very 
minute, thus 50,000,000 hydrogen molecules placed in a row 
would extend only one inch ; forty thousand million million 
million of these would Weigh one grain. Yet the results by 
different methods are remarkably accordant, considering the 
minuteness of the quantities measured. 


In Astronomy, angular distances are measured either by 
graduated circles, by eye-piece micrometers, or by measurement 
on a photograph ; one co-ordinate of an angular distance may be 
measured by the time of passage over a fixed thread in the 
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telescope. Motions in the line of sight are measured with the 
spectroscope : radiant heat by the thermopile or the bolometer. 
These are all direct methods. Distances may be measured by a 
triangulation, which may be considered a direct method, but 
this is in general not sufficiently accurate, and indirect methods 
give the best results. 

The measurement of the size of a celestial body depends 
upon the determination of the distance. The mass must be 
determined indirectly. 

To find the distance of a body in terms of our terrestrial 
miles, we must first find the diameter and figure of the earth, 
which is our base for triangulation. This is done by means of 
geodetic surveys, that is, by triangulation from carefully 
measured base lines, and extending far enough to determine the 
length of a number of degrees of latitude or longitude. By 
combination of the results obtained in different parts of the 
earth, its form and dimensions are determined. 

From this, by observation of the parallax of the moon, or its 
displacement as viewed from different points of the earth at 
known distances apart, the distance to the moon can be deter- 
mined with accuracy. ‘The distance of the sun cannot be deter- 
mined accurately by this method, on account of the small value 
of the parallax, less than 9 seconds of arc, and the difficulty of 
precise observation of the sun. 

By Kepler’s third law, the proportion of the distances of the 
different planets from the sun is known from their periodic 
times. If then one of these distances is known, all the others 
can be immediately found. Also the distance of any planet to 
the earth at any time, is in a known ratio to the distance of the 
sun. Hence a determination either of the absolute parallax of 
any planet, or of the ratio of its parallax to that of the sun, gives 
the parallax of the latter, and thence the dimensions of all 
the orbits. 

The differential parallax may be observed when a planet 
transits the sun disc. This observation was the purpose of 
the expeditions which were sent to observe the transits of 


| 

| | 

| 


Astronomy as a Science. 33 


Venus in 1761, 1769, 1874 and 1882. The last of these 
was visible at Ottawa. The absolute parallax of a planet, 
such as Mars or one of the asteroids, is determined by 
measuring its angular distance from neighboring stars. 

A second method depends upon planetary or lunar theory. 
By mathematical deduction from the law of gravitation a for- 
mula is obtained which gives the elements of the planet’s or- 
bit in terms of the time. It is shown that certain terms of 
these formulae for the orbits of Venus and Mars, represent 
large secular variations, which have a well determined rela- 
tion to the solar parallax. These secular variations being ob- 
served, the solar parallax can be calculated. Similarly the 
lunar theory affords means by which the sun’s parallax can 
be determined from that of the moon. 


A third method depends upon the fact that the motion 
of the earth in its orbit, combined with the motion of the 
light coming from a star, produces aberration of light, by 
which the apparent place of a star is thrown forward of its 
true place in the direction in which the earth is moving. 
This displacement is in different directions, according to the 
direction in which the earth is moving at the time, and can 
be determined accurately in angle, by observations at different 
seasons of the year. The trigonometrical tangent of the an- 
gle is the ratio of the earth’s velocity to that of light. If 
the velocity of light is found, that of the earth, and conse- 
quently the dimensions of its orbit follow. The velocity of 
light is found by terrestrial observations. 

Thus there are three general methods, the parallactic, 
that by gravitation theory, and the physical method. These 
are independent of one another, for the first method, that by 
observation of parallax, depends for its validity on Kepler’s 
third law, which is a statement of results of observation, 
while the second depends on the assumption of the univer- 
sality of gravitation. The third is entirely independent of 
the other two. The close accordance which exists in the re- 
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sults by the three methods is a strong proof of the correct- 
ness of the astronomical theories involved. 


The linear diameter of a planet, follows from its distance, 
when the angular diameter has been observed. 


To determine the mass of the sun or a planet requires a 
previous knowledge of the mass of the earth. 


The earth’s mean density is found from the deflection 
of the plumb-line by the attraction of a mountain, or by 
measurement of gravity at points above or below the surface 
of the earth, as compared with its value at the surface, or by 
comparing the attraction of the earth upon a body with that 
exerted on the body by a large metallic ball, as in Cavendish’s 
ex periment. 


Knowing thus the mean density, and also the volume of the 
earth from its dimensions found in the manner above shown, its 
mass follows. 

It is shown by gravitational theory that the constant ratio 
expressed in Kepler’s third law of the cube of the mean distance 
to the square of the periodic time is, in different systems, pro- 
portional to the mass of the central body. ‘Therefore the dis- 
tance and time of revolution of our moon enables us to find, from 
the mass of the earth, that of the sun or of any planet which has 
satellites. 


The mass of a planet without satellites is found by con- 
sideration of the perturbations which it produces in orbits of 
other bodies. The masses of satellites are determined in a simi- 
lar way. 

It is not my intention in this paper to treat of the accuracy 
of astronomical results, for that would involve the discussion of 
different methods of observation, and the ways in which error of 
observation is eliminated or corrected. This would take more 
time than I have at my disposal. 


I may, however, make mention of the fact that the periodic 
times of the planets, or the lengths of their respective years, 
upon which, as has been shown, so many conclusions depend, 
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are known with great accuracy by application of what may be 
called the method of repetition. 


We may find the place of the sun among the stars by ob- 
servation of the difference of the times of transit of the two 
bodies. If we do this again at the end of one year, we have a 
result for the length of the year which will be in error by the 
whole amount of the errors of observation. But by comparing 
observations one hundred years apart, the error of observation is 
divided by one hundred. Similarly ancient eclipses observed 
thousands of years ago, when they can be properly identified, 
are referred to for the purpose of correcting astronomical con- 
stants. 

Thus while the absolute facts of the solar system as to dis- 
tances and masses are subject to the uncertainties attendant upon 
determining those of the earth, and transferring them to such 
distant bodies, their relative values are very accurately known. 

Outside the bounds of the solar system our knowledge is by 
no means so complete. Sidereal astronomy consists at the 
present time largely in the accumulation of facts with regard to 
isolated stars or systems, investigations of the orbits of double 
stars, parallaxes of stars and the like. 

Towards the solution of the problem of the direction and 
velocity of the sun’s movement in space, considerable progress 
has been made. 

This problem has been attacked, as by Herschel, by 
measurement of the proper motions of stars. The directions in 
which we see the stars have not relatively changed during his- 
torical times sufficiently to be noticed by the eye, or by rough 
instruments. Modern observations have shown, however, that 
the stars are in motion, and their angular movements have been 
the subject of continued observation. 

We, of course, see only that part of the motion which is at 
right angles to the line of sight, and we know only its angular 
value; not its absolute amount, for we do not know thie distance, 
except in a few instances. 
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If the sun is moving in space, some part of this proper 
motion must be due to the sun’s motion. If the sun is moving 
towards a particular point of the sky, the tendency will be for 
the stars to appear to move away from that point, and to move 
towards the opposite point of the sky. 

As this effect is mixed up with the real motions of the stars 
themselves, these are eliminated by what may be called the 
statistical method, which proceeds on the assumption, that if a 
great number of stars are taken, there will be as many real 
movements in one direction as in another, and, in the long run, 
of equal amounts. Therefore resolving the observed proper mo- 
tions into directions at right angles to one another, and averag- 
ing the results, the real motions are eliminated (to a large ex- 
tent at least) and the residual effect represents the sun’s move- 
ment in space. 

Lately, this method has been superseded by the spectro- 
scopic method, in which the velocities in the line of sight are 
measured. This has the advantage over the other method, that 
we are dealing with absolute lengths in miles, and have not to 
depend upon the assumption that velocities of stars at different 
distances will balance one another when expressed in angular 
value. Moreover the work goes on more rapidly ; each observa- 
tion is complete in itself, while the determination of proper mo- 
tions to an equal degree of accuracy, requires observations to be 
taken many years apart. 

As before, the statistical method is applied to the measure- 
ments of velocity. The part of the velocity which is proper to 
the star itself is assumed to be eliminated by combining a very 
large number of stars, and that part which is due to the sun’s 
motion alone remains. 

Other systematic investigations might be mentioned, such as 
the systematic mapping of the stars by photography undertaken 


by co-operation of many observatories, photometric determina- 
tions of the brightness of the stars, &c. 
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In preparing this paper, however, it was not my desire to 
sketch out the whole field of astronomical activity, but rather to 
indicate the general principles upon which astronomical science 
proceeds, namely, the use of theory to direct observation, the 
use of observation to correct theory, and of both together to rise 
to generalizations by which knowledge is obtained of that 
which has not been observed. A due appreciation of the value 
of each is necessary to the scientific man. 

Most useful for the progress of science is co-operation be- 
tween those who cultivate it. I have made some allusions to the 
way in which researches on different lines illuminate each other. 
Just so, the meeting together of those engaged in study and in- 


vestigation, brings through mutual criticism and suggestion, 
greater efficiency to each one. This is the end which societies 
like this should strive to attain. 
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MAGNETIC DISTURBANCE AND THE AURORA.* 


By R. F. Sruparr. 


(_ OMPARISON between a curve shewing the prevalence of 

aurorae in the Dominion and a curve shewing Magnetic 
disturbance as registered at the Agincourt Magnetic Observatory, 
is of decided interest. To obtain the former curve, the number 
of Meteorological observers in Canada reporting aurora on each 
day of the year 1905, as reported in the Monthly Weather 
Review, has been plotted and a curve drawn. For the other 
curve, the range in declination of each day of the same year has 
been used. The agreement between the two curves is very 
marked and becomes the more interesting when it is noted, that 
the aurora was quite infrequent at Agincourt even on days of 
magnetic disturbance, indicating that while over the Continent 
generally, conditions may be favorable for aurora; there may in 
various localities be some factor, probably not magnetic or elec- 
trical, wanting for the production of the phenomena, and this 
may not improbably be found in the condition of the atmos- 
phere. 


To further satisfy myself that magnetic disturbances are 
widespread over the American Continent, the daily range of 
magnetic declination at Cape Prince of Wales, latitude 61° 35’ 
N., longitude 71° 32’ W., during Sept.; Oct.; and Nov. 1884 
and February 1885, was compared with the range at Toronto 
during the same intervals, and corroborative evidence was clearly 
shewn, with the additional fact, that during the disturbance the 
needle in Hudson's Straits moves contrariwise to that in Toronto. 
That magnetic disturbance is widespread is also evidenced by 


Presented to the Society, March 20, 1906. 
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MARCH 1905 
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Curves showing comparison between the prevalence of aurorae in 
Canada and of magnetic disturbance at Agincourt. Aurora—full line. Magnetic 
disturbance—-dotted line. 
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SEPTEMBER 887 


NWOovEMBER 
“ 
‘ ye 
‘ 
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FEBRUARY 1885S 


AugustT IOS 


Toronro 


Curves showing comparison between disturbance in magnetic 
declination in Hudson’s Straits and in Toronto; also between Southern Labrador 
and Toronto. 
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comparison of the declination curves at Northwest River, Labra- 
dor, and Agincourt between 17th and 31st August, 1905. 

It would then appear, that when large Magnetic disturbances 
occur over the whole Continent, aurorae which never occur 
without magnetic disturbance, may yet be absent in many locali- 
ties, certain conditions, probably atmospheric, being unfavour- 
able. 
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A REMARKABLE AURORA ON AUGUST 7, 1906. 
FROM NOTES TAKEN AT SHEBESHEKONG, SIXTEEN MILES 
NORTH-WEST OF PARRY SOUND. 

By J. MCEACHREN, 
yas watching the sky on this evening a brilliant display 

of Aurora took place, beginning at 8.50. Streamers of 
beautiful light green shot up to about 40°. At first they 
changed rapidly, flashing up occasionally to a point near the 
zenith, no color but green being visible, but after a time they 
settled down to a large arch of glowing light without any visible 
motion. The arch extended from north-west to north-east, and 
at its centre was about 20° above the horizon. At 10.30 it was 
still visible. 

At the time the Aurora began a large bow of light appeared 
in the north-east, seeming to spring up from the Aurora, and 
gradually but slowly extended upwards across the sky to the 
zenith and down to the west until it reached the horizon. It 
was from 3 to 4 degrees in width, came up in the north-east 
through the Dolphin, crossed the Milky Way at about right 
angles slightly south of the zenith, and slightly south of the 
head of Cygnus, covered Corona Borealis and Arcturus and ex- 
tended westward to where Venus had been two hours before in 
the ecliptic. 

When it began in the north-east it had the appearance of a 
bright tail of a comet but much wider. It looked like a long 
extended cloud lighted up by the Sun, very much brighter than 
the Milky Way. It had no motion, but remained in the same 
position all the time. It arched the whole sky without a break. 
Breaking up first in the zenith it gradually but slowly dissolved, 
and at 10.50 had disappeared. 

Whether this phenomenon had any connection with the 
weather or not I cannot say, but it rained all night on the 9th 
and all the next day, the 10th. 


( This beautiful Aurora was well observed at Go Home Bay, about forty miles 
south of Parry Sound; farther to the east in Muskoka; and by sailors on Lake 
Superior.—C, A. C.) 
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A MAGNETIC DISTURBANCE SYNCHRONOUS WITH 
THE AURORA. 
By R. F. Srupart. 


A URORA was reported on the evening of the 7th, by 

Meteorological observers at various points from Saskatche- 

wan to Nova Scotia, including Alameda, Foxleigh and Chaplin 

in the former province and Truro in the latter. The sky was 
cloudy in Southern Ontario. 
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Curves of Declination and Horizontal Force, Agincourt Magnetic 
Observatory, Aug. 7, 1906, 


At the Agincourt Magnetic Observatory, a slow easterly 
movement of the declination magnet began shortly after 8 p.m., 
changing at 8.50 to an abrupt movement which terminated at 
8" 45", with the needle pointing just over 1° east of its position 
at 8 o'clock. The return movement was equally rapid through 
an arc of 46’, after which the change became more irregular, 
and moderate disturbance continued throughout the night. 


The curves show the changes in declination and horizontal 
force. 
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A CASE OF GLOBULAR LIGHTNING. 


O* the evening of Sunday, April 29, 1906, a violent electri- 

cal storm broke over Niagara Falls, Ontario, and during 
the storm the rare and extraordinary phenomenon of Ball 
Lightning was seen. The following description, written by Mr. 
H. Webber, on whose premises it fell, will be read with great 
interest : 


‘*T was standing, looking out of the window during the 
storm. ‘There was a very sharp flash, and about one minute 
afterwards I saw the ball lying on the ground, burning like the 
fuse of a large fire-cracker. It burnt like that for about one- 
half minute. Then it exploded in the shape of a column of fire 
six inches in diameter and three feet in height, with a cloud of 
smoke coming from the top. The color was of a reddish yellow. 
I went to the spot and found what appeared to be some melted 
substance that looked in color like tar. 

About ten minutes later I put my hand on the ground 
where the ball was, and it was still so hot that it burnt my hand. 
It smelled like sulphur, and when I touched it, it turned my 
fingers yellow. 


I felt no shock. There were several of the neighbors’ elec- 
tric lights blown out, and also the fuses of the transformers on 
the poles on the streets. The ball was forty-five feet from my 
house.”’ 
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THE SPECTRUM OF A//RA CET/. 
By J. S. PLASKETT. 


WITH FRONTISPIECE PLATE, 


HE spectrum of o Cefi has been photographed at the 
Dominion Observatory 18 times on 11 nights during the 
months of December, 1906, and January, 1907. The number of 
observing nights during these two months has been very limited, 
the weather having been unusually cloudy, and no more spectra 
of this interesting variable could be obtained. 

The spectrograph at present in use is an adapted Brashear 
Universal Spectroscope, having collimator and camera lenses of 
14% inches aperture and 15 inches focus, and a train of three 
dense flint prisms, index for /7y about 1°64, giving a linear dis- 
persion at //y of 18°6 tenth meters per millimeter, with a resol- 
ving power of 40,000. A spectrum about 55 mms. long is 
obtained, of which, however, owing to curvature of field of the 
triplet camera lens, only about 15 mms. in the centre is in the 
best focus. The balance of the spectrum becomes more and 
more diffuse towards the ends of its range, which extends 
between 43950 and 45100. The extreme limits measured for 
radial velocities lie between 14200 and 44584, but it is possible 
to obtain fairly accurate values of the wave lengths, within one 
tenth of a tenth-metre, between H/f and //0. 


The spectrum of A/ira, observed at this maximum, differs in 
some essential particulars from previously recorded observations. 

The star has been niuch brighter than for several previous 
maxima and it is natural enough, if we consider its variability 
to be due to changes in its internal condition, to expect a change 
in its spectrum. These changes appear both in the absorption 
and the emission spectrum, and will be treated in greater detail 
later on. 

Probably the most striking change is in the character of 
#78, which had been previously recorded as either dark, or as 
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only fainily bright. Sidgreaves (JZN. LVIII., p. 344) did not 
consider he had certainly seen Hf bright. Miss. Maury 
(H.C.O. Annals XXVIIL., p. 45) saw it bright on some Harvard 
plates. Campbell (Astrophysical Journal IX., p. 31) could not 
see it visually, while Stebbins, (/éid XVIII., p. 341) in his ex- 
haustive paper, was successful in recording both it and //é on 
some plates, but with much less relative intensity than at this 
maximum. In every spectrum made here, even those with only 
two minutes exposure, //f is distinctly and certainly bright, and 
there is not the slightest doubt of its emissive character. No 
trace whatever has been seen of //é on any of our plates and it is 
apparently not present. It also had never been seen bright until 
Stebbins recorded it. 

A number of comparative exposures from one minute to 
twenty minutes were made to determine, among other things, 
the relative intensity of the emission and absorption spectra. 
As an estimate from these plates,—no attempt was made to 
accurately determine intensities,—I would say that the bright 
Hf had an intensity about 15 times that of the continuous 
spectrum in that region, 47’ about 25 times and //6 at least 50 
times. These estimates apply to the plates of January 23 and 
26, when the star was considerably past maximum. In Decem- 
ber no comparative tests were made, but the ratio would not be 
very much different, so far as can be judged, from the over- 
exposed emission lines. 

Before discussing the character of the spectrum it will be 
preferable to give the record of observations and the measures 
of the wave-lengths of the lines and bands obtained from the 
most suitably exposed spectrum, No. 486. Although 486, 515 
and 521 are the best of the plates, the first eight are all 
measurable, and of these 486 and 515 have been reduced for 
the wave lengths of the absorption lines and bands, and for 
the determination of the radial velocity. All the plates, with 
the exception of 575 to 578, in which the camera was acci- 
dentally not in good focus, have been measured for the velo- 
cities due to the Hy emission, and they show. as will be seen, 
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fair agreement with one another and with Professor Camp- 
bell’s previously determined values. The velocities obtained 
from the absorption part of the spectrum in the two plates 
measured agreed so closely with one another, and at the 
same time were nearly the same as Professor Campbell’s and 
Mr. Stebbins’ values, that it was not thought necessary to 
measure more plates. 


RECORD OF OBSERVATIONS. 


DATEG.M., T EXP PRISM | ING REMARKS 

| | 
| 
452 Dec. 11 14 29 |18 m.j- 3°5 | Good H Absorption spectrum 
{ underexposed, 

486 18 14 32/19 mj - 1°6 | H Good spectrum, 
493 19 14 50/20 mj- 7°4| Fair P |Underexposed, 
515 27,15 55 mj 4+ 2°1 Poor Pp Fair spectrum 
521 9 13 45 (30 mj-12°8| Fair 4 Good spectrum. 
534 15 14 35 Poor H —_Underexposed. 
555 18 14 30/60 Poor 
563 13: 55 m. 12°3 | Good P 
569 | ** 22:15 16105 mj- 8'9 Fair H For emission lines only. 
575 | 23 13 43 mj-183); P For emission lines. 
577 23, 14 17 m.| — 18°8 | P 
578 | 23 14 23 |o2 m.| 18°83 P 
579 ** 26 12 15 20 m.—10°0 | Good P 
5X0 12, 32 |10 m.| — 10°0 = 
582 12 46 02 m.'- 98 P 


583. 26 12 50 jor 98 P 


In the above measures, the wave lengths of the star lines 
are determined in the usual way, from the linear positions of the 
star and comparison lines on the plate, by Hartmann’s interpola- 
tion formula. ‘The displacement of the lines in tenth-metres due 
to the motion of the star is known, when the velocity is known 


from the formula 


299, 860° 
The velocity is obtained from the mean of the velocities due 
to 25 lines near the middle of the plate, which had been identi- 
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fied as far as possible with known terrestrial or solar wave 
lengths. This velocity, on being transferred back into displace- 
ment by the above formula, gives the correction to be applied to 
the measured wave-lengths of the absorption lines, emission 
lines, and bands at the ends of the plate, to reduce them to 
normal wave lengths. 


o CETI, No. 486. 


1906, Dec. 18. Observed by W. E. Harper. 
G.M.T., 14" 32™. Measured by J. S. Plaskett. 
} | | 
MEASURED | NORMAL DISPLACE-' 


ITY REI 
WAVE LENGTH WAVE LENGTH, MENT — 


4955°520 4°04 Red Edge _ of 
| Bright Band 

4862°877 1°527 | [+82°75] H Emission 

4848°948 7°55 R. Edge of Band 

4806°639 5°24 Line near edge of 

band 

4805 “866 4°40 R. Edge of Band 

47637309 Line near edge 
| of band 

4762°766 1°36 R. Edge of Band 

4957°795 6°39 ri Cr 

4627°3889 6°49 Cr Mn Line at R, 

' Edge of Band 

4608°688 7°28 Sr 7°51 Line at V. 
i Edge of Band 

4595 652 4°27 'V 4°30 

4585°917 4°53 Line at R. 
Edge of Band 

4581°84r 0°46 Cr 0°59, 0°23 

4578°749 77356 1°393 

4537°372 57965 1°407 93°00 

4525°920 7°490 1*430 94°66 

4524°335 2°974 1°361 go'23 

4519°698 8°198 99°45 Ti 

4472°804 Ti 

4463 °437 |Fe Mn V 

4454°705 3°505 1°200 80°76 (Ti Mn 

4430°630 5°439 80°49 Ca 

4428°730 7°420 1°310 88°68 Ti Fe 

4406°211 1°260 85°80 (Fe 

4402°065 0°738 1°327 90°37. 

4396°746 5°286 1°460 99°42 TiV 

4386°213 4°873 1°340 | 

4385076 3°720 1°356 92°88 Fe 


| 

| 
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o Ceti, No. 486, (Continued). 
MEASURED NORMAL DISPLACE-|,, 
WAVE LENGTH WAVE LENGTH MENT 
4380°616 9°396 | 1°220 | +83°57. 
4369°560 8-26 | Ti Fe 
4354°312 | | 87°78 [Fe V 
4345°977 4°597 | 1380 | 9522 TiCr 
4341°734 0°634 I*100 [75°90] |Hy Emission Line 
4334°204 2°988 84°02 |V 
4331°409 189 | 84°30 
4316°224 5018 | Ti Fe 
4307°438 6°078 1*360 94°65 Ti 
4297 °334 5°914 | 96°84 TiCr 
4292°800 1°50 | Ti Fe 
4276°252 4°922 1°330 (Cr Ti 
4259°747 8°477 1°270 89°28 Fe 
4248°296 6 1*300 gr°78 
4234°618 3°30 Fe Emission 
4231°277 0°00 Fe 9°93 
4230°768 9°51 Fe Emission ? 
4228°131 6°904 1'227. | 86°99 Ca 
4208°190 6°862 1*328 94°68 Fe 
4180°090 8°84 V Ce Emission ? 
4180 937 9°68 V 9°54 
4179°069 7°82 Fe 7°70 
4175°473 4°22 Fe 4°09) 
4174°826 3°58 Ti Fe Emission ? 
4167°096 5°34 Ce Cr Fe Emission 
4139°778 8°53 V Ce Mo Emis- 
sion 
4135°897 4°49 Fe V 4°49, 4°59 
4120°807 9°56 Fe V Ce Mo 
Emission ? 
4104°185 2°95 Mn Emission ? 
4103°030 2°000 1°030 [+75°29] Hd Emission 
Mean of Absorption Lines + 90°43 
e =+5°2 Va 24°20 
+ Vd - og 
Curvature correction - 


Radial velocity = 


+ 65°6 
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1906, Dec. 27. 


G.M.T., 15" 55™. 


MEASURED 


4572°705 
4550°222 
4546°234 
4541°976 
4537 °385 
4528°780 
4524°360 
4497°975 
4490°902 
4463°517 
4461°557 
4459°016 
4454885 
4439°396 
4423°780 
4427°351 
4406°331 
4402°076 
4396°696 
4380°806 
4369°560 
4354°348 
4353°316 
4341°784 
4334°308 
4320°247 
4307 °558 
4302°203 
4297°244 
4290°617 


e =+47 
=+0'9 
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o No. 515. 


NORMAL _DISPLACE- 
WAVE LENGTH WAVE LENGTH) MENT 


1°275 
8-938 


|  1°430 
1°284 
1°389 
1*200 
1°420 
1°290 
1°386 


1°360 
1°*380 
1*390 
1°360 
1*350 
1°*380 
1°338 
1°410 
1410 
1°489 
1°310 
1°310 
1*320 
1*430 
1°480 
1°258 
1*330 
1°380 


Observed by J. S. Plaskett, 
Measured by W. E. Harper. 


Mean of Absorption Lines + 92-48 


Va 
Vd 


Curvature correction 


Radial velocity = 


‘VELOCITY, REMARKS 
| | 
+93°66 Mg 
85:27 Ti 
Ti 
79°32 (Cr 
94°00 /TiCr 
85°40 
gi°96 Ti 
‘Ti Mn Cr 
[Fe Mn 
Mn 
91°39 |Ti V Mn 
92°87. |Ti Mn 
93°82 
92°07 TiFe 
91°39 
93°82 Fe 
iV 
95°88 
96°58 
102°06 Fe 
Fe V 
go‘oo (Cr Mg 
[79°35] \|Hy Emission 
99°24 Ca Mn 
10300 Ti 
87°68 Ti 
92°83 Cr Ti 
+96°32 Ti 
— 26°45 
o°22 
+ 65°3 


In the tables above, of plates 486 and 515, the first column 
contains the wave lengths computed from the linear measures by 
The second column contains the normal 


Hartmann’s formula. 


50 
— 
| 4°845 
0°776 
| 5°965 
7°490 
| 2°974 
6°57 
| 9°60 | 
2°21 
0°20 
7°656 
3°595 
8-006 | 
7°420 | 
6°201 
4°951 
0°738 
5°286 
9°396 
| 8°071 
37038 
2°006 
0°634 | 
| 2°988 
8°817 
| 6°078 
0°945 
5°914 
9°237 | 
| 
| 
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wave-lengths determined, in the cases where there are no entries 
in the two succeeding columns, by the process outlined above, 
and in the other cases where the lines have been identified, by 
taking the correspcnding wave-lengths from Rowland’s table. 


These identifications have been made as consistently as pos- 
sible, using only those elements which it was considered proba- 
ble from the similarity of 0 Ceti to third type stars, would be 
present in the star. The third column contains the displacement 
of the line in tenth-metres from its normal position due to mo- 
tion, and is obtained by subtraction of the second column from 
the first. The fourth column contains the velocity correspond- 
ing to this displacement, obtained by multiplying by 299,860 A. 

Let us consider in the first place the radial velocity of 0 Ceti 
as determined from the displacements of the absorption and 
emission lines. The mean velocity from the absorption lines in 
No. 486 is + 90°43 kms. per second, which, on applying the 
correction for the orbital and diurnal movement of the earth, 
and for the curvature of the spectral lines, reduces to 65°61 kms. 
per sec., recession, compared with the sun. For plate 515 the 
velocity is + 65°3 kms., in good agreement with the first. Pro- 
fessor Campbell*, from his determinations in 1897 and 1898, 
obtained a mean velocity of + 62°3 kms., and Stebbins in 1902, 
of 66 kms. This shows that the motion of the star is constant, 
as the variation between the Lick and Ottawa determinations can 
readily be accounted for by the uncertainty in the identification 
of the lines, and in the intensity to be assigned to them in the 
blends, in a star so different from the sun in its absorption. 
Campbell's value of the velocity is probably more nearly the true 
one on account of the gréater dispersion and resolving power of 
the Mills spectrograph, which admits of the resolution of lines 
much closer together than is possible with the Ottawa instru- 
ment. 


The errors in identification and blending are plainly shown 
by the very high mean error ¢ = + 5°2 of the determination 


* As‘rophysical Journal, IX., p. 31. 
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from a single line. In the case of stars like # Geminorum and 
a Bootis, where their similarity to the Sun allows of satisfactory 
identifications and blends, the mean error is only one third of 
the above, while the mean error of setting on the lines of 0 Ceti 
which are of good quality for measurement, is not materially 
greater than with solar stars. It is evident, therefore, from the 
satisfactory agreement of the velocities obtained at two epochs 
nine years apart, that the star’s velocity, so far as it is deter- 
mined from displacements of the absorption lines, is constant, 
and, as Professor Campbell has already said, its variability is 
probably not dependent upon or connected with any orbital 
motion. 

A comparison of the displacements of the bright hydrogen 
lines on the two plates already measured, and their correspond- 
ing velocities, with the mean velocity from the absorption lines, 
shows that the former is about 15 kms. smaller, that, if the dis- 
placement could be explained by velocity changes only, the 
emissive layer is lagging behind the absorptive layer at the rate 
of 15 kms. per sec. It is of course more likely that the differ- 
ence is due to some unknown condition in the atmosphere of the 
star which may displace the spectral lines. To obtain all the 
information possible in regard to the character and displacement 
of the hydrogen emission lines, a number of plates were made 
with varying exposure, from 1 minute to 20 minutes, and these 
were carefully compared with one another and with the pre- 
viously exposed more intense plates to determine the form of the 
emission lines. No trace could be found of Campbell’s triple 
formation in any of the plates, although the earlier ones, when 
the star was near maximum, were not suitably exposed to 
exhibit such an effect. The lines were, however, in the majority 
of the plates, unsymmetrically broadened with respect to the 
actual centre of intensity determined from the tips of the emiss- 
ion lines. These tips were nearer to the violet side of the 
bands, showing that the radiation was not symmetrical, and this 
asymmetry became more evident, the more intense became the 
line. This is indicated in two ways in the table of the velocities 
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due to the bright hydrogen lines, first by the actual measure of 
the positions of the red edge of the tips, and of the violet edge 
of the bright A7y lines, and second, by the smaller velocities 
given by the short exposure, less intense plates, as compared 
with the plates exposed for the absorption spectrum, in which 
the emission lines were much over-exposed. 


RADIAL VELOCITIES, 0 CET/. 


From Hy Emission line.—Reduced to the Sun. 


RED 


* TIPS OF 
NO. OF EXPOSURE|/OBSER-, |Hy TO VIO-| 
OF Ay; IRAD. VEL.| REMARKS 
PLATE TIME VER | LET EDGE | 
TO TIPS) REVS | 
REVS. | me 
452, 18min. H “086 073 +48°5 
493 “088 076 460°7 
i 083 | "056 52°2 
534 "075 ‘070 | 
555 | 60 * Pi 37°99 \|Abnormal ? 
63 | 20 “ | ‘068 43°0 | (Poor night 
569 , o5 * H | 44°0 | and change 
579 P "055 454 | of temp.) 
580 r | =e 40°38 
581 046 44°3 
582 45°7 
583 a * 
Mean of 14 plates = + 46°1 
Mean of plates exposed for absorption spectrum = + 48°0 
‘* emission spectrum only = 4. 44°2 


These measures show a fair agreement among themselves, 
but this accordance is considerably increased when they are 
divided into two sets—of the strongly and moderately exposed 
plates,—and when plate No. 555 is omitted. It is abnormal in 
the marked asymmetry of the bright line, as shown by the 
measure in columns 4 and 5, and its low velocity may be due to 
the long exposure on a poor night, where an instrumental dis- 
placement might have occurred through change of temperature. 

The mean of the first six, exposed for the absorption spec- 
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trum, is 49°9, and the mean of the last seven, exposed for the 
emission spectrum, is 44°2. This difference may be due to two 
causes, either an actual change in the position of the centre of 
intensity of the bright /y, or an apparent change due an un- 
symmetrical broadening of the line on the plate, caused by the 
over exposure of a bright line whose curve of intensity is not 
similar on each side of the centre. In the case of the first six 
plates, in which the emission lines are over exposed, the velocity 
obtained is greater, indicating that the setting of the microscope 
wire had been further to the red than in the case of the last 
seven. Mr. Harper, to whom Iam indebted for the measurement 
of these plates, tells me that in each case he set the wire as 
nearly as possible on the centre of the broad black line and no 
attention was paid to the tips. This would indicate that the 
emission line was slightly asymmetric towards the red, thus 
shifting the setting towards the red with increased exposure, 
and the displacement is not likely due to an actual change in the 
position of //y itself. 

There is a remarkable agreement between the mean velocity 
44°2 kms. obtained from the last 7 plates, and the mean velocity 
44°4 kms. found by Prof. Campbell from 6 plates made by him 
in November 1898, when, as he says, the lines appeared nearly 
monochromatic, with a faint broadening or companion to the 
red side, practically of the same character as observed here. 
This would tend to show that the conditions in the star under 
which the bright Ay lines are produced, tend to repeat them- 
selves at different maxima, so far, at any rate, as the displace- 
ment is concerned, although the relative intensity of the different 
members of the // series is widely different. 


No trace can be found, however, in these spectra of the 
bright /e lines at 4308°081 and 4376°107, recorded by Profs. 
Campbell and Stebbins, but there are no fewer than 8 lines 
between //6 and A 4235 which have every appearance of emis- 
sion lines. They stand out as isolated narrow bright lines in a 
fairly uniform strip of absorption spectrum, with an intensity at 
least twice as great as the back ground of spectrum in which 
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they lie, and are even shown prominently in the widened repro-. 


duction of plate 486. It seems hardly possible that they can be 
narrow strips of continuous spectrum left unabsorbed, as their 
width is generally less than half a tenth-metre. It may be said 
on the contrary, however, that they have not been identified 
with any one element, and that the nearest identifications, are 
of elements which have the most pronounced lines in the absorp- 
tion spectrum There is an exception to this statement in the 
case of four of the lines which fall reasonably close to four lines 
in the spectrum of Cerium. 

The wave-lengths, and the nearest metallic lines are as fol- 
lows :-— 


BRIGHT LINES IN THE SPECTRUM OF o CE7/. 


NORMAL W.-L. NEAREST METALLIC LINES. 

* 4233°36 4233°76 Fe, 4233°33 Mn Fe 
4229°51 4229°61 Fe, 4229°87 V 
4178°84 4178°54 V, 4179745 Ce 
4173758 4173°71 Ti, 4174700 Fe, 4173739 Fe 

* 4165°84 4165°78 Ce, 4165°71 Cr, 4165°60 Fe 

* 4138°53 4138°27 V, 4138°51 Ce, 4138°70 Mo 
4119°56 4119°62 V, 4119°99 Ce, 4119°77 Mo, 4119°55 Fe 
4102°95 4103°14 Mn 


The three lines marked with a star (*), are those which 
appear the most sharply defined and separated from the absorp- 
tion spectrum, and which seem to be almost certainly emissive in 
character. 

The normal wave-lengths, were obtained from the measured 
wave-lengths by subtracting the displacement equivalent to the 
velocity of the absorption lines. If the mean value of the velo- 
city due to the bright // lines were applied to the normal wave 
lengths above given, they would be increased by 0°25 tenth 
metres. Owing to the distance from the centre of the spectrum 
and the consequent poor focus, the wave-lengths above given 
may be uncertain to the extent of one tenth of a tenth-metre, 
possibly more, although the identifications of the absorption 
lines measured in that region agree to the same limit with the 
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, Values in Rowland’s table. It seems, therefore, impossible to 
certainly identify any of these lines with the metallic emiss- 
ion lines, though their appearance and their isolated posi- 
tions.in the general absorption in that region scarcely admit 
of any other interpretation of their character than the emiss- 
ive one. A further evidence in this regard is their appear- 
ance in some of the other early spectra, in which the expo- 
sure was insufficient to show any but the faintest trace of 
absorption spectrum in the given region. Stebbins, in his 
paper found only one of the above lines as bright, A 4233-36, 
but did not attempt any identification. He also finds A 4178-- 
84 as apparently bright, but considers it to be only a bright 
place between two absorption lines. He gives no record of the 
other lines registered as bright here, and evidently they were not 
visible in his spectra. Professor Campbell, in his observations 
says there is good reason to believe in a bright line at A 4102°8, 
evidently the same as the one observed here at A 4102-95. He 
also mentions one or two more as probably present on the violet 
side of 7/0, but no such lines can be seen in our spectra. 

The absorption spectrum of 0 Ceti is of the banded type, 
Secchi’s third, Miss Maury’s XX., and has scarcely any recog- 
nizable similarity to the solar type. It is considerably different 
from @ Orvionis and even further advanced than AHfercu/lis. Its 
character is well shown by the identifications in the tables of 
measures of plates 486 and 515. The only absorbing elements 
present in the strong and best defined lines, those which were 
measured, are Ti, V, Fe, Mn, Cr, Ca also is present, and a 
stray J/g line appears in No. 515, which is undoubtedly the 
same line seen as distinctly bright by Stebbins. The first speci- 
fied are those which are most strongly affected in the spectra of 
sun spots, and which, as Professor Hale and Mr. Adams have 
shown,* are much intensified in the spectrum of Arcturus and 
still more so in @ Orionis as compared with their intensity in the 
sun. Apparently, they are even more prominent in o Cefi than 
in @ Orvionis, as our measures have disclosed no other elements 


* Contributions of the Solar Observatory, Nos. 8 and 12. 
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as certainly present in its spectrum. Stebbins doubts the pres- 
ence of 77, but the number of positive identifications in Nos. 
486 and 515, and its analogy with the other sun spot elements, 
seem to offer conclusive evidence in its favor. 


As the spectrum does not extend much below A 5000, only 
the bands in the blue-green are shown, but they are distinctly 
marked, sharply limited towards the red if considered as bright 
bands. They are brighter than the neighboring bands, and 
fade off gradually towards the violet. There is one exception to 
this last statement however, the band beginning at A 4626-0, 
which is of quite uniform intensity and sharply limited toward 
the violet at A 4607°3. As the measures of plate 486 show, 
when the band was very distinctly and sharply limited, its edge 
was measured, and generally also the centre of intensity of the 
absorption line to the red side of the edge, but where not very 
sharply limited the absorption line at the red edge was 
measured. ‘Taking these measures and estimating the distance 
of the edges from the measured positions, we get the follow- 
ing approximate wave lengths :— 


4954°0 Red Edge of Band 

4847°5 

4804°5 

4761°4 

4626°2 

4607°6 Violet Edge of above band 
4584°2 Red Edge of Band 


These measures are only given to the nearest tenth of a 
tenth-metre, as, owing to the poor focus in this region, they 
are not trustworthy beyond that limit. 

The spectrum of o Cefi is very interesting, and will well 
repay a more extended study than has yet been given to it. 
Sufficient has been learned about it, however, to say that it 
is not necessarily identical at successive maxima, and this is 
very well shown by the behaviour of the Hf and /7Zé lines. 
It may be considered as well established now that it has a 
constant velocity of recession with respect to the sun of about 
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64 kms. per second and that the velocity determined from the 
bright hydrogen lines is some 15 kms. per second less. This 
difference of velocity is probably not real, the corresponding 
shift of the bright lines being produced by some other cause 
such as abnormal conditions of pressure, temperature, or elec- 
trical state in the atmosphere of the star. 


The difference in the spectrum of o Cefi as observed here 
and at previous maxima may be summarized as follows :— 

1. Absorption Spectrum. 

Titanium, whose presence has been considered doubtful 
by Stebbins, is now very prominent as at least one fourth of 
the identifications of the prominent absorption lines measured 
in the two spectra appear to be due to this element. 

The magnesium line at A 4571, which was undoubtedly 
bright in 1902, is now, quite as undoubtedly represented by 
an absorption line, which was measured in plate 515, and 
gives a velocity displacement in close agreement with the 
mean. 

The bands seem to end towards the violet at A 4584, as 
in none of the negatives obtained here could any banded ap- 
pearance be recognized below that limit. This is also clearly 
shown in the reproduction. The position of the bands in the 
blue green, however, agrees with Stebbins’ values. 

2. Emission Spectra. 

#7f which at previous maxima had either been invisible 
or faint, is now of a decidedly emissive character, apparently 
over half as intense as Hy. , 

He recorded by Stebbins as bright in 1902, but pre- 
viously invisible, cannot be seen in any plate made here. 

There is no trace of the triple character of Hy and Hd 
observed by Campbell, but no plates were made here at as 
early a date in the period as those obtained by him. Af, Hy, 
H6 are slightly asymmetric, more intense to the red side of the 
true emission line, similar to the later plates obtained by Camp- 
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No evidence, whatever, can be seen of the bright iron 
A 4308 and A 4376, observed by Campbell and Stebbins. The 
magnesium A 4571 observed as distinctly bright by Stebbins is 
now represented by an absorption line. The bright lines A 4202. 
A 4216 and A 4373, observed bright by Stebbins are not now 
present. 

Eight other bright lines are present in some of the negatives 
obtained here at A 4233°4, A 4229-5, A 4178°8, A 4173°6, A 4165'8, 
A 4138°5, A 4119°6 and A 4102°9. Of these the first and last have 
been seen bright by Stebbins and Campbell, respectively, and the 
third Stebbins considers as a bright space between absorption 
lines. There is no doubt in my mind that the first, fifth and 
sixth are emissive, but of the others I do not feel so certain. 

I acknowledge with thanks my indebtedness to Dr. W. F. 
King, the Director of the Observatory, for his interest and en- 
couragement in the work, and to my assistant, Mr. W. E. Har- 
per, who has very efficiently performed the greater part of 
the measurement and reduction, as well as assisting in the 
observing. 
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THE OTTAWA SECTION OF 
THE ROYAL ASTRONOMICAL SOCIETY OF CANADA. 


ORGANIZATION. 


| bee since the completion of the Dominion Observatory, 

there has been an agitation for the formation of a society 
for the promotion of astronomical study, and for social inter- 
course of those interested in the subject, and a meeting for the 
purpose of organization was held in the lecture room of the Car- 
negie Library on December 20, 1906, at 8 p.m. The meeting 
was well attended, and, on motion of Dr. Klotz, Dr. King occu- 
pied the chair. 


The chairman outlined two courses which might be taken. 
First, to form an independent society ; second, to unite with the 
Royal Astronomical Society of Canada, and be an integral part 
of the national society, the whole society to be governed by a 
general council, but each section to manage its local affairs. He 
pointed out the advantages resulting from union with the exist- 
ing society in having a medium of publication, which would 
scarcely be attainable with an independent society. Each mem- 
ber would receive all the publications of the Society, which has 
secured substantial grants for this purpose from both the Do- 
minion and Ontario Governments. It is intended to issue a bi- 
monthly periodical and an annual astronomical handbook. 


Dr. Klotz favored union, since a united society would have 
much greater influence in advancing astronomical interests than 
a number of separate bodies. On motion of Mr. J. S. Plaskett, 
seconded by Mr. Joseph Pope, both of whom spoke briefly in 
favor of the proposal, it was unanimously resolved : ‘*‘ That an 
Astronomical Society be formed in Ottawa as a Section of the 
Royal Astronomical Society of Canada.’ On motion of Mr. R. 
M. Stewart, seconded by Mr. F. A. McDiarmid, it was resolved, 
that the officers of the section be : President, Vice-President, 
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Secretary, Treasurer, who with three Councillors shall con- 
stitute the executive council of the section. : 
The officers were then nominated and elected as follows : 
President, W. F. King, B.A., LL.D., D.T.S, 
Vice-President, Otto Klotz, LL.D., F.R.A.S. 
Secretary, J. S. Plaskett, B.A, 
Treasurer, R. M. Stewart, M.A. 


Councillors, Joseph Pope, C.M.G., F.R.S.C.; A. H. McDougall, 
B.A., and F. A. McDiarmid, B.A. 


On motion, the officers were appointed a committee to 
draft a constitution and by-laws ; and a discussion took place 
as to the best place of meeting. 


The committee met on December 31 and adopted a con- 
stitution and by-laws. 
The following is the 


PROGRAMME, JANUARY-MAY, 1907. 


January 17th, 8 p.m, Inaugural Address: Astronomy as a Science, 
W. F. King, LL.D. 
January 3Ist, 3 p.m, The Star Image in Spectrographic Work. 
J. S. Plaskett, B.A, 
February 14th, 8 p.m. Planetary Motions (Illustrated). Otto Klotz, LL.D, 
February 28th, 3 p.m. Comparison of Transit Observations with Key and 
Micrometer, R. M, Stewart, M.A. 
March 14th, 8 p.m, The Optics of the Telescope (Illustrated). 
J. S. Plaskett, B,A, 
March 28th, 3 p.m. The — Survey of Canada.. C. A. Bigger, 
).L.S. 
April 11th, 8 p.m. How Standard Time is kept (Illustrated). 
R. M. Stewart, M.A. 
April 25th, 3 p,m. Theory of Least Squares. W. F. King, LL.D. 
May gth, 8 p.m. The Aurora (Illustrated). F. A. McDiarmid, B.A. 
May 23rd, 3 p.m, The Seismograph. Otto Klotz, LL.D. 


The papers presented at the afternoon meetings will be of a 
technical character. A short abstract of each of these papers 
will be given at the preceding evening meeting and all members 
interested are cordially invited to attend. 


FIRST REGULAR MEETING, JANUARY 17, 8 P.M. 


The first regular meeting was held in the Carnegie Library 
Lecture room, and was very well attended, many being unable 
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to obtain seats. After confirming the minutes of the organiza- 
tion meeting, the Vice-President, Dr. Klotz, took the chair and 
the President, Dr. King gave his inaugural address, the subject 
of which was ‘‘ Astronomy as a Science.’’ This extremely able 
and interesting paper is printed in full in another part of this 
Journal. It was received with close attention and evoked hearty 
applause. 

At the request of the chairman, Mr. Plaskett gave an + 
stract of his paper for the next meeting. 

At the close of the meeting, upwards of twenty signed 
the roll, and the membership was then found to reach the 
splendid total of 104. 


SECOND MEETING, JANUARY 31, 3 P.M. 


This meeting was in the Observatory and was well attended, 
both by the staff, and other members. 

The President stated, that it was desirable that the meetings 
be as informal as possible, and called on Mr. Plaskett to give his 
paper on ‘‘ The Star Image in Spectrographic Work.”’ 

In this paper Mr. Plaskett described in detail numerous ex- 
periments undertaken by him, to investigate the dimensions and 
character of the star image, as given by the system of visual 
objective and photographic correcting lens in spectrographic 
work. The actual dimensions as given by photographs of star 
spectra and trails were measured, showing that the image was 
about twice as large as it should be. Quantitative experiments 
showed that this abnormal diameter was due to the fact that the 
chromatic differences of spherical aberration of the visual objec- 
tive, when used in photographic light, had not been compen- 
sated for by the correcting lens. A comparison of the relative 
exposure times of this and other spectrographic equipments 
showed that the same or a similar defect probably existed 
elsewhere. 


It was hoped to obtain a correcting lens which would reduce 
the image to normal dimensions and probably diminish the 
required exposure time by one half. Such an improvement here, 
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suggests the possibility of a similar improvement elsewhere, and 
would mean a marked advance in the range and capacity of 
stellar spectrographs. 

Dr. King, in discussing the paper, spoke of the value of 
such investigations as this into the errors of instruments in as- 
tronomical work. He was glad to find that our telescope com- 
pared favorably with larger telescopes, as he had been told when 
obtaining it that it was not large enough for good work. Some 
further discussion of the paper then took place by Mr. Ogilvie 
and others. The meeting adjourned at 4.30. 
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MEETINGS OF THE SOCIETY AT TORONTO. 


January 8, 1907.—The annual At Home of the Society was 
held this evening, and was most successful both with respect to 
attendance and to interest in the proceedings. The reports of 
the Corresponding Secretary and the Treasurer were preSented, 
and showed the affairs of the Society to be in a flourishing and 
satisfactory condition. The President’s address, following the 
custom, ~was upon the subject of the progress of Astronomy dur- 
ing the past year. (It is printed in this number, see page 2). 

Mr. A. F. Miller kindly operated a spectroscope, and there 
were many interesting plates, photographs etc., on exhibition. 
The evening closed with an hour of social intercourse and 
refreshments. 

January 22.—The following were elected to membership in 
the Society : 

Miss Helen Paton, Lachute, Que. 
Mr. W. G. McMillan, Toronto. 


A photograph of the variable star Mira, (o Cefi) taken dur- 
ing the recent maximum by Mr. J. S. Plaskett of the Dominion 
Observatory, was placed on exhibition and led to an interesting 
discussion, in the course of which, Mr. Miller stated that he had 
looked very carefully for bright lines in the spectrum, and 
though he knew just where to look and what to see, he had not 
succeeded in seeing them. He was surprised to see them so 
prominent on the photograph. 

The paper of the evening was by Mr. A. F. Miller, and was 
a review of Percival Lowell’s recent book on ‘‘ Mars and its 
Canals.’’ Mr. Miller's remarks were confined to giving an ac- 


count of Lowell’s labors without serious criticism. His view 
was that the book bore evidence of very fine observational work, 
and whether we accept the author’s conclusions or not, it is 
worthy of close examination and consideration by every open- 
minded student of the heavens. 
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February 5.—The following were elected to membership : 


Rev. J. T. W. Claridge, M.A., F.R.A.S., Burton- 
on-Trent, England. 


Mr. Emmanuel Hahn, Toronto. 


The death was announced of James Cleland Hamilton, for 
many years an active member of the Society. Mr. Hamilton 
was born in Belfast, Ireland, May 21, 1836. He was educated 
at Hanover College, and Rutgers College, receiving the M.A. 
degree from the latter. Coming to Toronto he obtained the 
LL.B. degree from the University of Toronto, was called to the 
Bar in 1861, and entered the law firm of his uncle Mr. Christo- 
pher Patterson, afterwards a judge of the Supreme Court at 
Ottawa, the firm’s name being Patterson, Beaty and Hamilton. 
He remained in partnership with Dr. James Beaty until 1897. 

Mr. Hamilton was well known for his literary and scientific 
work. Among his published books were, 7he Prairie Province 
(1876), The Georgian Bay (1893), and Osgoode Hall Reminiscen- 
ces which appeared a couple of years ago. He was much in- 
terested in the study of the stars, especially the Pleiades, two of 
his papers being ‘‘ Zhe Great Centre, an Astronomical Study’? 
presented to the Canadian Institute some years ago, and ‘‘ S¢e/lar 
Legends of American Indians,’’ published in our Transactions for 
1905. Mr. Hamilton had other works in manuscript at the time 
of his death, which occurred on February 2. 

A committee was appointed to draw up a suitable resolution 
of regret, to be transmitted to the family of the deceased. 


It was announced that at a meeting of Council it had been 
decided that the most suitable name for the Society’s periodical 
publication, was, ‘‘ The Journal of the Royal Astronomical 
Society of Canada.’’ 


The paper of the evening was by Mr. R. F. Stupart, Direc- 
tor of the Meteorological Service of Canada and a Past President 
of the Society, upon ‘‘ Earthquakes of I1906.’’ All the recent 
seismograph records made at Toronto and Victoria, B.C., 
were exhibited on the screen, and led to an interesting dis- 
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cussion. It was remarked that the chief oscillations travel 
along the earth’s crust as longitudinal waves—like those of 
sound, unlike those on the surface of water,—and that the 
value of the rigidity of the earth, as determined from the 
velocity of transmission and the density of the earth, agrees 
satisfactorily with the value deduced by Kelvin from the dis- 
tortion of the earth by the tides. 


PROGRAMME FOR JANUARY-MARCH, 1907. 


January 8, The Society’s Annual At-Home. 

January 22, Mars: A Review of Some Recent Publications on the Planet. 
A. F. Miller. 

February 5, Earthquakes of 1906. R. F. Stupart. 

February 19, A Comparison of Lunar and Terrestrial Volcanoes. 


J. Edward Maybee, M.E. 


The Use of ‘ Esperanto,’ the Universal Language, to Astrono- 


mers. R. Stewart Muir. 

March 5, Spectrographic Work at the Dominion Observatory at Ottawa. 
J. S. Plaskett, B.A. 

March 19, Recent Applications of Photography to Astronomy. 


David J. Howell. 


PUBLIC LECTURES. 

Six Public Lectures on ‘‘ Some Recent Advances in As- 
tronomy ’’ will be given in the Chemical Building of the 
University of Toronto, by Dr. C. A. Chant, the President of 
the Society, as follows :— 


February 14, The Earth and its Motions. 


February 21, The Sun, the Ruler of our System. 
February 28, The Moon, our Nearest Neighbor. 

March 7, The Planets and their Satellites. 

March 14, Comets and Meteors, our Cosmical Visitors. 
March 21, Wonders of the Starry Realm. 
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THE ASTRONOMICAL AND ASTROPHYSICAL 
SOCIETY OF AMERICA. 


HE regular meeting of the Astronomical and Astrophysical 
Society of America was held in Fayerweather Hall, Colum- 
bia University, December 27-29, 1906. The American Associa- 
tion for the Advancement of Science, the American Mathemati- 
cal Society and many other national societies were meeting at 
the same time, and joint sessions were held with some of these. 
The president of the Society is Prof. E. C. Pickering, of Har- 
vard College Observatory, and the secretary, Prof. G. C. Com- 
stock, of the University of Wisconsin, and there was a large 
attendance of those interested in Astronomy, representing well 
the middle and eastern portions of the United States. 


About twenty-five papers were presented and the discus- 
sions were frank, interesting and sometimes animated. One of 
the best of these, arose from a paper by Professor Comstock on 
‘: The Significance of the Star Ratio.’’ This term refers to the 
number of stars of a definite magnitude, divided by that of those 
a magnitude brighter. As the intensity of the stars diminishes 
this ratio decreases, and the question was raised, whether this 
would indicate that as we approach the limits of the stellar sys- 
tem, there are proportionally fewer stars, or, that the star-light 
is absorbed by matter in the depths of space. Papers by Pro- 
fessor Bailey, of Harvard, on ‘‘ The Number and Distribution of 
Stellar Clusters,’’ and ‘‘ A Comparative Study of Bright Clus- 
ters and Nebulae,’’ and a paper by Professor Barnard, of the 
Yerkes Observatory, on ‘‘ Photographic Observations of the 
Milky Way,’’ contributed material to the same discussion. The 
distortion of photographic plates was the subject of papers by 
Professors Schlesinger, of Allegheny, and Jacoby, of Columbia 
University, and the conclusion reached in their researches, was 


that the distortion is excessively small, and hence measure- 
ments on celestial photographs are entirely trustworthy. Prof. 
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W. H. Pickering summarised his investigations up to date on 
the ninth and tenth satellites of Saturn, and exhibited a photo- 
graph on which these minute bodies could be seen. In a paper 
on ‘‘ Field Experience with Transit Micrometers,’’ Mr. John F. 
Hayford, of the U.S. Coast and Geodetic Survey, stated that 
with this instrument the troublesome ‘‘ personal equation ’’ was 
practically eliminated, and also the observer with very little ex- 
perience obtained results as accurate as the one who had much. 

An interesting session was held to discuss the most promis- 
ing fields for astronomical work. “President Pickering suggested 
accurate counts of the numbers of stars down tothe ninth, tenth, 
eleventh or lower, magnitudes. For this work Professors Com- 
stock and Hough recommended that the photographic charts of 
the heavens be used. Professor Hale outlined much work on 
the Sun which could be accomplished by any one possessing 
moderate instruments and some mechanical inventiveness. Prof. 
W. H. Pickering suggested micrometric observations on the 
Moon and the planets, and an extension of such work as he had 
begun on the Orion nebula, 7.¢e., drawing lines of equal intensity. 
Prof. C. L. Doolittle thought that some of the almucantars now 
in existence might be put to good use. One might be taken to 
Samoa to observe variation in latitude. “Professor Newcomb 
wished to see a determination in star magnitude of a round de- 
gree of sky-light. 

A feature of the social side of the meeting was a reception 
given by Mrs. Henry Draper at her Madison Avenue residence. 
In the laboratory attached to the beautiful mansion are many 
examples of the remarkable achievements, especially in photo- 
graphy, of Henry Draper and his father, J. W. Draper. As a 
souvenir of the occasion, reproductions of the first photograph 
of the human face were distributed to the guests, the subject 
being Dorothy Draper, sister of J. W. Draper. The photograph 
was taken by the latter in 1840. 

A detailed account of the meeting will appear in Sc‘ence. 
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NOTES FROM THE DOMINION OBSERVATORY. 


The Spectrograph.—Work to determine the velocity curves 
and orbits of spectrographic binaries is being continued as sys- 
tematically as the weather will permit. Besides the observations 
on o Cefi referred to elsewhere, a number of spectra have been 
obtained of 9 Piscium, o Andromed@, t Orionis, Draconis, 
y Geminorum, n Geminorum, & Ursa Majoris and fi Leporis. 

The velocity curve of a Draconis is practically complete, the 
period being between 50 and 51 days, the range being from 
-53 kms. to + 35 kms. per second. Mr. Harper is at present 
working on the orbit. 

» Piscium, which Lord had announced as a possible spectro- 
scopic binary of long period, but in which Campbell has been 
unable to find any variation in velocity, has been under observa- 
tion here for some time past. All the plates are not yet meas- 
ured and reduced, but we have obtained plates giving a range of 
velocity between + 5°4 and + 21-4 kms. per second. ‘The re- 
sults obtained here with standard velocity stars show that these 
values are probably not in error to a greater extent than from 1 
to 2 kms., so that there seems no doubt that 7 Piscium is a spec- 
troscopic binary, not of a long, but of a comparatively short 
period. 

The measures of the other stars are not far enough advan- 
ced to give much data at present, although ¢ Ovionis has a con- 
siderably greater range than announced by its discoverers, the 
range so far observed being from — 50 to + 100 kms. 


Work on the new spectrograph being made in the Ubserva- 
tory shop is far enough advanced to allow a provisional test of 
the optical parts. The prisms give very good definition, show- 
ing apparently no lack of homogeneity, while a new type of 
camera lens designed by Hastings, consisting of two separated 
elements of low dispersive glass, promises to give good results. 
With a single prism the field is entirely flat,—within 0°1 mm., 
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over the whole range of spectrum from A 3600 to A 6000, 
J. S. P. 


Seismog raph.—Judging the Kingston-Jamaica earthquake 
of January 14 by the seismogram, it must be considered as a 
minor movement of molar displacement. While the amplitude 
of the pendulum in the San Francisco quake ran as high as 
60 mm. on the photographic record, the maximum amplitude 
of the Kingston one was only 3 mm., or 20 times less. 
Small quakes of hours’ duration occurred on January 26, 27, 
February 3rd and 5th, with amplitudes of fully 1 mm. 


Quakes may be said to be a normal condition of the earth. 
There is practically never a day that some disturbance can not 


be noted by our Bosch photographic seismograph. 
O. K. 


Time Service.—Quite recently a Callendar Electric Recorder 
has been installed at the Observatory for the purpose of control- 
ling and recording the temperature of the Clock Room. This 
instrument consists essentially of a Wheatstone Bridge, in one 
arm of which is placed a platinum thermometer ; to the galvano- 
meter coil is attached a boom with insulated electric contacts 
which control two relays ; by means of these relays and two 
clock movements, a sliding carriage bearing the contact arm is 
moved along the bridge wire until the bridge is balanced ; a pen 
is attached to the carriage, and records the temperature curve on 
a revolving drum. In addition, a special contact attached to the 
carriage controls the electric heating circuit in the Clock Room. 
This apparatus has proved a great improvement over the method 
of temperature control previously used, the recorded tempera- 
ture being almost absolutely constant. Owing to the size of the 
Clock Room, the temperature in different parts of it still varies 
slightly. Accordingly, an outside heat-proof case has been 
made for the Riefler Standard Clock, which is now being in- 
stalled. The Callendar apparatus will be used for maintaining 
a constant temperature within this case, while a rougher control 
will suffice for the room at large. 


| 
| 
| 
& 
| 
| 


Dominion Observatory. 71 


A series of observations has just been completed, and par- 
tially reduced, designed to thoroughly test the comparative 
merits of the observing key and the travelling wire micrometer, 
as applied to transit observations. It is claimed for the travel- 
ling wire micrometer, and the claim seems borne out by the 
fact, that it eliminates almost entirely the personal equation 
which is so fruitful a source of trouble. If the micrometer ob- 
servations are equally good in other respects, the key as an ob- 
serving instrument will doubtless shortly be entirely superseded. 
This series of observations will also give the most rigid test yet 


obtained of the rate of the Standard Clock. 
R. M. S. 
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Brief Astronomical 


BRIEF ASTRONOMICAL REVIEWS. 


Nova Persei, rgor. From the /ournal of the British 
Astronomical Association we learn that during 1905, nineteen 
direct magnitude determinations were made of this star by mem- 
bers of the Variable Star Section of the Association. From Oc- 
tober 1 to December 1, 1904, the star was of about the 1Ith 
magnitude (Hagen’s scale), and then slowly rising, it reached 
10°3 on March 9, 1905. By July 31, it had receded to 10°9, and 
on November 2 it had again risen to 9°9, and there it remained 
until the end of January, 1906. After this it diminished slight- 
ly, and though still subject to slight variations of brightness, on 
the whole its light does not appear to have declined since that 
date. 


Astronomy Without Instruments. This is the title of a paper 
appearing in the same /ourna/l, for January, 1907, in which 
J. A. Hardcastle, F.R.A.S., describes a simple method which may 
be employed by amateurs to study the stars. The method is, 
to place a mark on a window-pane and view from the interior of 
the room, any star as it rises above or disappears below a neigh- 
boring roof or other stationary mark, the manner of making the 
observation being, for the observer to station himself back in the 
room, having his eye, the mark on the pane, and the edge of the 
stationary object in a straight line, and then note the exact time 
when the star rises above the object. Observations made in this 
way for a few days will readily show the difference of approxi- 
mately four minutes in the time of rising, and if continued for a 
few months the interval can be found correct to a tenth of a 
second. With care, practice and prolonged records, the precess- 
ional movements of the stars can, and have been detected, the 
only other requisites being a field-glass and a good time-piece, 
precession in right ascension being a matter of accurate time- 
keeping, and precession in declination being one of good eye- 
sight. By this method the clock may be va/ed and the true time 
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kept, when once it has been obtained, with errors which need 
not exceed two or three seconds. 


Systematic Star Drifts. Monthly Notices (XVII, No.1), 
is a paper by Mr. A. S. Eddington, of great interest, in 
which he appears to find that all the stars are moving relatively 
in one of two directions, these drifts being possessed by stars of 
all magnitudes distributed in every part of the sky. This would 
seem to support Kapteyn’s contention, that the Sun belongs 
to a cluster having a motion independent of the rest of the 
star dome. 


Influence of Electrical Fields on Spectral Lines. Prof. G. F. 
Hull, of Dartmouth College, N.H., formerly of the Univer- 
sity of Toronto, in the January number of the Astrophysical 
Journal, discusses the results of his recent experiments dealing 
with the influence of electrical fields on spectral lines, con- 
ducted at the Cavendish Laboratory, Cambridge, England. 
The only effect detected was a widening of the hydrogen lines. 


New Form of Calostat Telescope. Professor Hale in the same 
publication describes a ccelostat telescope now being made for 
the Carnegie Institution Solar Observatory, Mount Wilson, Cal. 
The tube of the new telescope will be placed vertical instead of 
horizontal as at present, chiefly in order to minimize flexure in 
the lenses and mirrors of the system. 

Evolution of Radium. Ina letter to Nature, of January 17, 
1907, Professor Rutherford states that a sample of actinium salt 
recently tested by him, showed an increase of radium in it, equal 
to four times the amount it possessed two and a half years pre- 
viously. This confirms experiments by Dr. Boltwood along 


similar lines two months before. 
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ASTRONOMICAL NEWS. 


Lady Wilson, a life-fellow of our Society, died in Toronto 
on December 22, 1906, in her 8lst year. Lady Wilson recently 
presented the Society with an 18-inch terrestrial globe, and her 
husband, the late Chief Justice Sir Adam Wilson, donated a 6- 
inch reflecting telescope and an 18-inch celestial sphere. 

The death is reported of Antonio Mascari, assistant in the 
observatory at Catania, Sicily, and well-known for his observa- 
tions on the Sun. 

Students of astronomy in every part of the world will learn 
with regret that Miss Agnes M. Clerke, the gifted author of 
several works on astronomical subjects, died on January 20, at 
the age of sixty-four. Miss Clerke was a Corresponding Fellow 
of our Society, and a fuller account of her life and work will 
appear in our next number. 

The death is announced of T. R. Dallmeyer of the celebrated 
firm of opticians, and the inventor of a practicable tele-photo- 
graphic lens. He was the son of J. H. Dallmeyer and grandson 
of Andrew Ross, names familiar to users of telescopes and lenses. 

Rev. Canon Burke died at Carleton Place on January 30, at 
the age of 88. He was born in Dublin and was a graduate in 
arts of Trinity College. For twenty-eight years he was rector 
of St. Thomas’ Church, Belleville, retiring in 1902. Canon 
Burke was a member of our Society for many years and took 
much interest in its welfare. 

On February 2, Dimitri Ivanovitch Mendeléeff, the eminent 
chemist and philosopher, director of the Russian Bureau of 
Weights and Measures, died in St. Petersburg at the age of 
seventy-three. In 1904 Mendeléeff published a work on “ A 
Chemical Conception of the Ether’’ in which the physical pro- 
perties usually most dwelt upon in considering the transmission 
of motion by it were practically ignored. As the subject was 
one of great interest to the Society,the Secretary ventured to 
write and ask the distinguished author if he would offer a reply 
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to the criticism that the ether, as he outlined it, could not trans- 
mit waves in which the vibrations are transverse to the direction 
of propagation. He courteously replied in a letter very recently 
received, which, on account of its almost unique interest is re- 
produced in facsimile herewith. The translation is as follows :— 


3 January, 1907, To Mr, J. R. Collins, Secretary of the Astronomical | 
Association, Sir,—My reply to your favor of November 12, 1906, was delayed on 
account of my absence and of my illness. Without doubt Lord Kelvin, believing 
the ether to be a solid body, would wish to give the comparison and not the deter- 
mination. If the ether were a solid body all bodies would be solid since they con- 
tain it. The solid body in a state of disaggregation, rarefied and mobile, is what 
we call a gas. 

Permit me to believe that this statement gives a satisfactory reply to your 
question; and kindly accept the assurance of my respectful compliments. 
D. Mendeléeff. 


A report from Samarkand, in Turkestan, states that the 
weather during the solar eclipse of January 14 was not very 
favorable, as snow was falling throughout the time of observa- 
tion. 

Mr. Sydney S. Hough, F.R.S., chief assistant to the as- 
tronomer at the Cape of Good Hope, has been appointed to be 
astronomer on the retirement of Sir David Gill, K.C.B. 


Prof. Arthur Schuster, F.R.S., well known for his work in 
spectrum analysis and other branches of astrophysics, has re- 
signed the position of Langworthy professor of physics in the 
Victoria University of Manchester, with which institution he 
has been connected since 1871. 


Professor Schuster’s successor will be Prof. Ernest Ruther- 
ford, F.R.S., Macdonald professor of physics in McGill Uni- 
versity, Montreal. Professor Rutherford is a graduate of the 
New Zealand University. Entering the Cavendish Labora- 
tory at Cambridge, England, as an 1851 Exhibition Scholar, 
he made researches of striking merit. He came to Canada in 
1898 and the unceasing flow of researches from his labora- 
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tory has secured for him a most distinguished position as a 
scientific investigator, and has brought great credit to the 
University where he labored. Professor Rutherford will go to 
England early in the summer, but hefore leaving, the Royal 
Astronomical Society of Canada is to be favored by a lecture 
from him. ‘The date is April 2, and the subject ‘‘ Some Cos- 
mical Aspects of Radioactivity.’’ 


A PATRIOTIC BEQUEST. 

The will of the late Aeneas McCharles, a prospector of 
Sudbury, Ont. directs, that the sum of $10,000 from his estate 
shall be invested in Ontario Government bonds, and handed to 
the authorities of the University of Toronto, who shall, with the 
income derived therefrom, present an annual prize for original 
scientific work of merit, along lines similar to those for which 
the ‘‘ Nobel prize’’ is given. 

As fixed by the will, the terms of the award are, that it 
shall be given to 


**(1) Any Canadian, whether a student or not, who invents or discovers 
any new and improved process for the treatment of Canadian ores or minerals of 
any kind, after such process has been proved to be of special merit on a practical 
scale, 

(2) Or for any important discovery, invention or development by any 
Canadian which will lessen the dangers and loss of life in connection with the use 
of electricity in supplying power and light. 


(3) For any marked public distinction achieved by any Canadian in 


scientific research in any useful and practical line.” 
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The Weather in Canada. 


SUMMARY REPORT OF THE WEATHER IN CANADA, 
DECEMBER 1906. 


TEMPERATURE.—The temperature was just average in 
the extreme south-western portion of Ontario, also in Prince 
Edward Island and very locally in New Brunswick ; elsewhere 
it was everywhere below the average and generally to a marked 
extent. The most noticeable negative departures were Saskat- 
chewan and Alberta from 4 to 8 degrees; Manitoba, 3 degrees ; 
the greater portion of Ontario, from 3 to 6 degrees, and Quebec, 
from 2 to 5 degrees. 

The following are the highest and lowest temperatures 
recorded at various stations. 

British Columbia.—Dawson City, 8, - 54; Atlin, 30, - 28 ; 
Port Simpson 48, 16; Victoria, 53, 23; New Westminster, 51, 
24; Barkerville, 38, — 14; Kamloops, 52, 4; Agassiz, 51, 19; 
Vancouver, 51, 23 ; Ladners Landing, 49, 24. 

Western Provinces.—Edmonton, 40, — 32; Battleford, 30, 
— 388 ; Prince Albert, 30, — 41 ; Calgary, 50, — 26 ; Medicine Hat, 
42, 25; Swift Current, 40, - 21; Qu’Appelle, 44, - 28 ; Minne- 
dosa, 32, - 29; Winnipeg, 31, — 32. 

Ontario.—Port Arthur, 37, - 22 ; Southampton, 44, - 1; Par- 
ry Sound, 44, — 22; Port Stanley, 45, 2; Toronto, 49,- 8; King- 
ston, 45, - 17; Rockliffe, 36, - 36 ; Ottawa, 36, - 20; Welland, 
52, -9; Uxbridge, 43,-15; Port Dover, 45, -1; Alton, 39, - 16 ; 
Clinton, 40,-7 ; Beatrice, 43, —-29 ; Scarboro, 40, -13 ; Bancroft, 
40, —32 ; Owen Sound, 45, —2; Collingwood, 47, - 4; Peterboro’, 
42, -24; Madoc, 41, - 22; Bruce Mines, 39,-22; Meaford, 41, 

~4.- Sutton West, 41, - 10; Lucknow, 44, - 2; Paris, 45, - 4; 
Lakefield, 44,-20; Hamilton, 45, 3; Brantford, 49,-—6,; Port 
Hope, 43, - 15 ; Copper Cliff, 39, — 23. 

Quebec.—Montreal, 37, — 18 ; Quebec, 36,—18 ; Father Point, 
35,-10; Brome, 38, —24. 

Maritime Provinces.—Charlottetown, 48,-—3; Chatham, 45, 
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-19; Sydney, 54,1; Halifax, 51,3; Yarmouth, 50, 6; St. John, 
50, - 9; St. Stephen, 44, - 28 ; Fredericton, 43, — 24; Moncton, 50, 
- 16. 

PRECIPITATION.—The precipitation was above the 
average in Manitoba, also in nearly all portions of the Maritime 
Provinces, whilst in the other Provinces it was in excess of the 
average in some localities and deficient in others. A few of the 
noticeable features of its distribution were the large positive de- 
partures over Nova Scotia and Cape Breton, the excessive snow- 
falls in Cariboo and more locally in Northern Saskatchewan, 
and the marked negative departures again occurring in Ontario 
north and east of Lake Ontario to the boundary The deficiency 
was well marked over a large portion of British Columbia. 

DEPTH OF SNOW.—At the close of the month snow was 
general over the most of British Columbia, even at New West- 
minster five inches lay on the ground. In the Western Provin- 
ces a deep covering was the rule, Northern Alberta recording 21 
inches, Saskatchewan from 12 to 24 inches, and Manitoba from 
7 to 12 inches. In Ontario, owing to the mild weather prevail- 
ing during the last week of the month, very little snow was left 
on the ground at the close of the year except in northern locali- 
ties. ‘This was also the case in many portions of the Maritime 
Provinces, whilst in Quebec the depth was from 14 to 21 inches. 

JANUARY 1907. 

TEMPERATURE.—The temperature was below the aver- 
age in all portions of the Dominion except in the Peninsula of 
Ontario where it was either average or 1 degree above. The 
negative departures in British Columbia, Alberta and Saskatche- 
wan, ranging as they did from 10 to 22 degrees, were pheno- 
menal, and in these Provinces it was the coldest January of 
which the Meteorological Service has any record. In Manitoba 
the negative departures were also pronounced, but the mean 
temperature was not as low in that Province as recorded in some 
previous months of January. Over the greater portion of On- 
tario and throughout Quebec and the Maritime Provinces the 
negative departures ranged from 1 to 3 degrees. 
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The following are the highest and lowest temperatures 
recorded at various stations. 

British Columbia.—Dawson City, 18, -458; Atlin, 35, - 40; 
Port Simpson, 38, - 4; Victoria, 48, 15; New Westminster, 44, 
| 2; Barkerville, 34, —- 36 ; Kamloops, 40, — 26; Agassiz, 50, 4. 

Western Provinces.—Edmonton, 36, —46; Battleford, 28, — 50; 
Prince Albert, 20, — 42; Calgary, 38, - 35; Medicine Hat, 36, 
—41,; Swift Current, 26, - 41; Qu’ Appelle, 24, -40 ; Minnedosa, 
16, — 39 ; Winnipeg, 26, - 39. 

Ontario.—Port Arthur, 36, — 27; White River, 30, — 58 ; 
Southampton, 58, - 16; Parry Sound, 52, - 22; Port Stanley, 49, 
7; Toronto, 51, -10; Kingston, 42, -13 ; Rockliffe, 50,-38 ; Ot- 
tawa, 46, - 20; Sutton, 53, -20 ; Lucknow, 56, - 14 ; Haliburton, 
42,-31; Owen Sound, 53, -9; Uxbridge, 51, -22 ; Paris, 54, -i1; 
Beatrice, 47, - 28; Port Dover, 49,-—12; Port Burwell, 46, — 10 ; 
Meaford, 57,-—10; Clinton, 54,-12; Bancroft, 40, —-30; Bloom- 
field, 57, —18; Peterboro’, 46, - 20 ; Bruce Mines, 40,— 25 ; Cop- 
per Cliff, 43, -26 ; Sarnia, 52, -7 ; Brantford, 57, —12; Stratford, 
55, - 12; Wallaceburg, 56, -7; Bala, 49, —24 ; Hamilton, 58, — 9. 

Quebec.—- Montreal, 43, — 24 ; Quebec, 45, — 30 ; Father Point, 
20 ; Sherbrooke, 49, -42 ; Brome, 49, —36 ; Clarke City, 40, 


45 


Maritime Provinces.—Charlottetown, 46,—11; Chatham, 48, 
—26 ; Sydney, 50, —9 ; Halifax, 50, - 10; Yarmouth, 50,—1; St 
John, 49, —17 ; St. Stephen, 44,- 30 ; Sussex, 46, - 24 ; Moncton, 
53,-—21; Fredericton, 48, —21,; Parrsboro’, 54,- 15. 

PRECIPITATION.—The precipitation was generally be- 
low the average in British Columbia, the negative departures 
varying from one half an inch to an inch and a half. In the 
Western Provinces the precipitation was all snow which in some 
localities was a few inches more than the usual quantity and in 
others a few inches less. In Ontario the precipitation was above 
the average amount in the Lake Superior region and in the Pen- 
insula of Ontario and much below again in the eastern portion of 
the Province, Kingston recording a negative departure of 1:2 
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inches ; Ottawa 2°3 inches and Rockliffe 1°1 inches. In Quebec 
it was slightly in excess of the average in the eastern portion 
and deficient elsewhere. In the Maritime Provinces it was 
everywhere below the average except in one or two isolated lo- 
calities where it was slightly above ; the chief departures were 
St. John 1°6 inches and Fredericton 1°5 inches. 


DEPTH OF SNOW.—At the close of the month the whole 
Dominion was snow-covered, the depth on the ground differing 
materially with the district. In British Columbia the amount 
in many localities was considerable, even coast stations similar to 
New Westminster report continuous sleighing throughout the 
month, which is most unusual. In the Western Provinces, ow- 
ing to the long-continued cold weather, the snow which covered 
the ground at the close of 1906, with the addition of that which 
fell in January, now amounts to a depth of from 10 to over 50 
inches, a marked contrast to the conditions prevailing in Janu- 
ary last year when in some localities the ground was bare of 
snow and in others it was but lightly covered. In Ontario, in 
the Lake Superior district and in far northern localities, the 
snow on the ground varies from 18 to 24 inches, elsewhere from 
3 to 10 inches. In Quebec it varies from 18 to 26 inches in the 
western portion, to 46 and 48 inches in the eastern portion. In 
the Maritime Provinces it is from 4 to 11 inches, and very locally 
18 inches. 

Meteorological Office, 

Toronto. 
February 5th, 1907. 
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